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An Audiometric Test for Young Children 


Haroip M. Witiiams' 


S YET no adequate test of 
auditory acuity has been de- 
veloped for use with young 

children. A satisfactory test for this 
purpose demands, in addition to the 
more general requirements of validity 
and exact control over the physical 
intensity of the stimulus, extreme 
simplicity of task, adequate motiva- 
tion, and objectivity in the response 
required of the child. The whisper- 
ing tests, while they represent a rela- 
tively valid measure of the actual 
functional efficiency of the ear, are 
lacking in control over the physical 
loudness of the sounds to such an 
extent that it is impossible to construct 
norms for the method, or to compare 
the work of different experimenters. 
The pure-tone tests, on the other hand, 
while they possess a high degree of 
control over the physical intensity of 
the sounds, are quite unsuitable for 
use with young children, on account 
of the intrinsically uninteresting char- 
acter of the test, and the uncertainty 
of interpretation of the child’s re- 
sponse. 

The development of the Western 
Electric 4-A audiometer (1) has pro- 
vided a technique which combines the 


1 The experimentation reported here was 
carried on while the writer was a National 
Research Council Fellow in Child Develop- 
ment at the Iowa Child Welfare Research 
Station. 


advantages of both types of test in a 
unique way. In this audiometer 
spoken numbers have been recorded 
at standard intensities on a phono- 
graph disc, from which the sounds are 
picked up and transmitted electrically 
to a telephone receiver held to the ear. 
Relatively valid test sounds are there- 
fore delivered to the ear under excel- 
lent conditions of physical control. 

By the introduction of certain 
modifications of procedure in this 
technique, it is believed that the re- 
quirements outlined above for audio- 
metric tests of young children have 
been successfully met.? 

The test, which is necessarily given 
individually, has been converted into 
a “listening over the telephone” game. 
This change results in setting up a 
novel game situation which is easily 
grasped by the child and is well moti- 
vated. The first eight digits (the 
number seven being omitted) are used 
as test words. These are spoken 
singly, with an interval of four seconds 
between each number during which 
the child reports the number heard to 
the tester, who decides the correctness 
by an auxiliary receiver. The num- 
bers are recorded on the disc in a 


2 These modifications were incorporated 
in new phonograph records specially made 
through the courtesy of Dr. Harvey Fletcher 
of the Bell Telephone Laboratories, to whom 
grateful acknowledgment is made. 
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series of twelve levels descending in 
loudness, with two consecutive num- 
bers at each level. The numbers in the 
first half of the test are spoken by a 
woman. 

In the first trial record the directions 
were incorporated in the record. Fur- 
ther trial showed, however, that these 
directions were confusing to the 
younger children, so that they are now 
given by the tester. The preliminary 
directions are as follows: ‘‘I want to 
find out how well you can hear, so we 
are going to play a ‘listening over the 
telephone’ game. When you put this 
telephone receiver to your ear you 
will hear a lady saying some numbers. 
You are to listen carefully and tell me 
each time what she says. Ready!” 
The right ear is tested first. The first 
four numbers on the record are all of 
the maximum loudness and are used 
as a trial series to make sure that the 
child understands the directions and 
is responding satisfactorily. At the 
same time the tester makes the proper 
adjustments of the receiver to the ear. 
After the preliminary adjustments are 
made the tester now says, “Now you 
will hear some more numbers, but this 
time the lady’s voice will get weaker 
and weaker. You must listen care- 
fully so that you can tell me each 
number.” The record is then run 
through until the child fails to report 
at least four consecutive numbers 
successfully. The directions then are, 
“Now we will try the left ear in just 
the same way as we tried the right 
ear.” The inner half of the disc 
presents a similar series for use with 
the left ear. The obverse side of the 
record presents a similar series, spoken 
by a man. 


Wiuuiams: Audiometric Test 


Numbers were chosen as test ma- 
terials after careful consideration of 
the situation for the following reasons. 
Children learn very easily to manipu- 
late the first eight or more number 
names, even though the numbers as 
quantitative concepts may be quite 
meaningless tothem. Even the three- 
year-old children tested showed no 
traces of unfamiliarity with the num- 
ber names as words, although relatively 
few of them could count to eight 
independently. The Stanford Revi- 
sion of the Binet scale (2) puts the 
repetition of three digits in the three 
year level, so that it is quite unlikely 
that the repetition of a single digit is 
in any way a task for the intelligence 
of the average child of this age. The 
narrowing of the field of choice to 
seven numbers makes the task of 
interpreting and recording the child’s 
responses much simpler than if the 
words were chosen from the general 
field of common words, while still 
keeping the probability low that any 
child will get any number correct by 
chance. 

While a spring support to hold the 
receiver against the ear would insure 
the greatest constancy of pressure, 
an actual tryout of such devices indi- 
cated that with many children they 
were a source of such great distraction 
and irritation that the test results 
were entirely invalidated. At pres- 
ent, therefore, the child is merely 
instructed to hold the receiver closely 
against his ear, the experimenter 
taking care to see that the hair is 
brushed well back, and that the receiver 
is held by the child with the opening 
of the cap directly opposite the meatus. 
Practically all the children tested 
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tended to press the receiver quite 
closely against the ear as the sounds 
became fainter. 

The incidental remarks of the chil- 
dren tested have shown as a whole 
that they appreciated the situation 
and were entering into the spirit of the 
game. Such comments as, ‘“‘Oh, her 
voice just gets so soft,’’ were common. 
Nearly all of the children spontane- 
ously remarked near the end of a series, 
“T can’t hear her any more.” Others, 
after listening intently said, “Why 
doesn’t she say any more numbers?” 
The attitude in general, changed from 
one of great confidence and certainty, 
to one of increasingly greater uncer- 
tainty as the sounds became weaker. 
The new rush of interest which ap- 
peared when the man’s voice was 
announced was an unexpectedly suc- 
cessful feature of the test. Illus- 
trations of the motivation value of the 
test and of the change in attitude as 
the sounds became weaker are shown 
in the photographs in fig. 1, taken as 
the child was being given the test. 

The tests are scored in terms of 
sensation units of hearing loss as is 
done with the former records. The 
test results are recorded on a blank 
form having divisions from 30 sensa- 
tion units hearing loss to —3 units. 
On each level there will be 4 numbers 
for each ear. Due to the fact that 
lapses of attention, over-eagerness to 
make some remark about the “game” 
and so on are of common occurrence, 
many gaps will appear in the record 
of most children. For this reason 
considerable latitude must be allowed 
in the interpretation of the results, 
especially in the case of the younger 
children. The hearing level is there- 
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fore defined tentatively as the lowest 
level at which each child has 50 per 
cent of right responses. 

The reliability of the test on 57 
children, of age range four and one-half 
to six and one-half years, was .697, 
P.E. .05 by the method of chance 
halves. This would yield a reliability 
of .82 for the whole test. In ordinary 
routine testing, therefore, one applica- 


TABLE 1 


Distribution of scores on audiomeler test 
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tion of the whole test is probably 
adequate for gross differentiation be- 
tween normal and defective. The 
defective may be. more intensively 
tested by repeating the record. 
Table 1 summarizes the results by 
the scoring method recommended 
above on 108 children of age ranges, 
344, 4-5, 5-6, and 6-7, from the pre- 
school laboratories of the Iowa Child 
Welfare Research Station and the first 
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grade of the University Elementary 
School. 

These children were all normal or 
superior in intelligence. It will be 
noted that there is an increase in score 
from age group to age group. This 
may be interpreted in part as an in- 
crease in attentional power, but it is 
possible that there is a real increase 
in acuity during these ages. A few of 
the scores indicate serious impairment. 
In at least three cases observational 
evidence corroborated the findings of 
the test, although previous to the test 
no defect was suspected. 

Where the necessary apparatus is 
available the test may be given with a 
record of constant intensity, the 
experimenter varying the loudness by 
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the attenuator of either the 2-A or 
3-A Western Electric audiometer. A 
special record on which the numbers 
are all of maximal intensity is also 
available. This method has the ad- 
vantage of making it possible for the 
experimenter to work down quickly 
to the critical level for each child, and 
to concentrate his efforts there. In 
the hands of a skillful tester who 
understands children it is believed that 
either technique will yield results 
which are far superior to current 
methods of testing acuity of very 
young children. Where the 4-A 
audiometer is already available the 
only additional expense which must 
be incurred is for the new phonograph 
records. 
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A Study of Problem Solving Behavior in 
Pre-school Children’ 


EunicE MATHESON 


PROBLEM 


es present study is an attempt 


to observe and analyze the 

problem solving activities of 
young children placed in situations 
similar to those employed by Kohler 
(9) in the experiment reported in The 
Mentality of Apes. The purpose of 
the study is not to make direct com- 
parisons between the behavior of 
children and apes, nor to deal with 
the theoretical implications of gestalt 
psychology, but to get a general 
picture of the solving type of behavior 
in very young children by using Kéh- 
ler’s method of arousing activity of 
this kind. 

History 


In The Mentality of Apes, Kohler 
states the essential feature of his 
method by contrasting it with the 
maze experiment. He says, “Ameri- 
can animal psychology makes animals 


1From the Department of Psychology 
and the Institute of Child Welfare, the 
University of Minnesota. The study has 
profited much by many helpful suggestions 
given by Dr. Edna F. Heidbreder, Dr. John 
E. Anderson, Dr. William T. Heron and 
Dr. Florence L. Goodenough. Thanks are 
also due the children of the Nursery School 
who acted as subjects in this experiment, 
and the principal, Dr. Josephine Curtis 
Foster, and teachers of the Nursery School 
for their cooperation. 


(or people) seek the way out of mazes, 
over the whole of which there is no 
general survey from any point inside; 
the first time they get out is, therefore, 
necessarily a matter of chance, and so 
for these scientists, the chief question 
is how experiences which have been 
made in such circumstances can be 
applied in further tests. In intelli- 
gence tests of the nature of our 
roundabout-way experiments, every- 
thing depends upon the situation being 
surveyable to the subject.”” He goes 


on, “Regarding their principle, I must 
make a further objection to Thorn- 


dike’s experiments. They were de- 
signed as intelligence tests of the same 
type as our own (insight or not?), and 
ought, therefore, to have conformed 
to the same general conditions, and, 
above all, to have been arranged so as 
to be completely visible to the animals. 
For if essential portions of the experi- 
mental apparatus cannot be seen by 
the animals, how can they use their 
intelligence faculties in tackling the 
situation?” Therefore, Kéhler uses 
situations “in which all the factors 
were given and the solution could be 
achieved,” not situations in which the 
individual was dealing with things 
“merely thought about.” 

Kohler, besides reporting in his book 
the results of his work with the apes 
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at Tenerife, reports experiments on 
hens, a dog, and a small child in 
situations which demand a “round- 
about way” of solution. In the first 
place KGéhler was trying to determine 
the intelligence level of the subjects 
with which he was working. The 
second aim in his work, he says, is 
theoretical. The fact that even the 
anthropoid apes are such a long way 
behind man, and yet “show so many 
human traits, makes it possibie for us 
to study, under the simplest condi- 
tions, the nature of acts of intelli- 
gence.” And “one may be allowed 
the expectation,” he says, “that in the 
intelligent performances of anthropoid 
apes we may see in their plastic state 
once more processes with which we 
have become so familiar that we can 
no longer immediately recognize their 
original form; but which because of 
their very simplicity, we should treat 
as the logical starting point of theoreti- 
cal speculation.” 

K6hler’s principal conclusion was 
that the apes manifested “intelligent 
behavior of the general kind familiar 
in human beings,” i.e., they were not 
limited to trial and error in dealing 
with problems. He reported that they 
sometimes displayed a type of be- 
havior which he called “insight.”” He 
gave three criteria of insight, which 
may be stated in the form of questions: 
Is the achievement a single continuous 
occurrence,—a unity as it were in 
space and time, in which the individual 
parts have meaning only when con- 
sidered in relation to the whole? Is 
the instant sharply marked in which 
the real solution begins by a kind of 
jerk, a sudden complete turning about, 
or a lighting up of the face of the 
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subject? Is the animal able to repeat 
the solution when placed in a similar 
situation, if a genuine solution has 
previously been used? The presence 
of behavior characterized by insight 
brought his work into contrast with 
that of Thorndike (12), Watson (13), 
and other American animal psychol- 
ogists, who explained animal learning 
in terms of trial and error as opposed 
to insight. 

Kohler himself suggested that his 
methods might be used in studying the 
behavior of young children. Although 
this suggestion was made some years 
ago, there have been, up to the present 
time, very few studies of this type 
made on human beings although both 
before and after Kéhler’s suggestion, 
there were many attempts to study 
the thinking or problem solving ability 
of human beings. Very little of it, 
however, has been of the type in 
which the individual was placed in a 
situation for which all the necessary 
material for solving was present. 
Helseth (7) observed and recorded 
the behavior of a group of seventh 
and eighth grade students in a history 
class, and tried to study and work out 
the lines of development in their 
thought processes. This was, of 
course, an experimental study, and 
yet it has very little direct bearing on 
this other type of study, for the tool 
which the pupils were using in that 
experiment was language and things 
thought about, rather than objects 
actually present. Piaget (10) has 
also studied the thought processes of 
the child, but his studies concerned 
themselves with the thinking processes 
of the child in connection with social 
situations. Philosophers have long 
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tried to work out logical analyses of 
the human thought processes, from 
the “recognition of the problem” to 
the consummation in “solution” and 
“verification.” There are, however, 
a few studies in which human subjects 
have been placed in problem situations 
in which they were given the objective 
materials with which to work, and in 
which enough was explained so that 
they recognized the problem. Their 
behavior in the process of solution 
was then observed and studied. Stud- 
ies of this sort have been made by 
Ruger (11), Heidbreder (7, 8, 9) and 
Duncker (2). 

Comparative studies have also been 
made of the thought processes and 
concepts of primitive peoples and 
young children as opposed to those of 
civilized adults. Koffka (8) mentions 
the observations of Decroly and 
Degand, the Sterns, Major and Lin- 
der, and Wertheimer on this topic in 
his discussion of the dependence of 
thinking on the development of 
language. 

Studies have also been made by 
Thorndike (12), Yerkes (14), Hag- 
gerty (3), and others, in which the 
behavior of animals has been studied 
in order to determine whether or not 
the term “insight” as used by Kohler 
may be applied to their reactions. 

Two studies which have followed 
Ko6hler’s suggestion very directly are 
those of Blatz and Alpert. Blatz has 
done some experimental work with 
young children, using situations as 
nearly similar as possible to those 
reported by Kéhler. As yet only a 
preliminary survey has been published 
with regard to this work. Alpert (1), 
who placed children of the pre-school 
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level in situations similar to ones used 
by KGéhler comes to the following 
conclusions: 


1. “Exploration and elimination’’ is the 
most frequent type of behavior with chil- 
dren and also yields the greatest number of 
solutions. 

2. Solution with gradual insighi is per- 
haps the most frequent type among apes, 
whereas immediate is the most frequent for 
children. 

3. Chance aloné is ineffectual in problem 
situations of this type, but it may be instru- 
mental in bringing about an optimum 
constellation of the elements, which may or 
may not arouse insight, but response 
culminates in solution only if subject has 
gained insight. 

4. Transfer and retention seem to be 
indices of presence and degree of insight. 

5. There is a low correlation of .266 
between M. A. and achievement. 

6. A child’s solving activity is deter- 
mined more by the nature of the problem 
situation than any one other factor. 

7. The arousal of insight and its consum- 
mation in a practical solution are favored 
by emotional, temperamental and mental 
factors, in short, those factors which go to 
make up the total personality of the 
individual. 


The present experiment, then, is 
the third which attempts to study the 
behavior of young children who have 
been placed in situations similar to 
those which K6éhler placed his apes. 


Method 


In the experimental set-up the 
situations were objectively as similar 
as possible, both in general arrange- 
ments and details, to certain ones 
used and described by Kohler. Pre- 
school children, one by one, were 
placed in five selected situations, and 
the various types of reactions which 
were brought out were observed and 
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recorded in an attempt to study the 
problem solving activity at this age. 

Subjects. The subjects were 28 
children attending the nursery school 
which is conducted by the Institute of 
Child Welfare at the University of 
Minnesota. Considered as of Janu- 
ary 1, 1929, they ranged in age from 
two years to four years six months, 
the mean C.A. being 41.3 months. 
For the purpose of considering age 
differences, the children were divided 
into three groups. The youngest 
group includes only three children 
between two and two and a half years. 
The eleven children spoken of as 
three-year-olds, ranged from two and 
one-half years to three and one-half 
years; the four-year-old group, 
ranged from three and one-half years 
to four and one-half years, and in- 
cluded fourteen children. 

The mean I.Q. of the group of 
twenty-seven children was 115.1, and 
the mean M.A. 48 months. All but 
one of the I.Q.’s are based on Minne- 
sota tests for pre-school children. 
This one exception is based on a 
Stanford-Binet. No. 1.Q. has been 
obtained on one of the youngest 
children because of negativism and 
lack of responsiveness. The sexes are 
about evently divided, but with rela- 
tively more boys in the upper age 
group. The children are selected for 
the nursery school so that the repre- 
sentation of the socio-economic classes 
is approximately the same as that in 
the population of the city at large. 

General conditions. The _ experi- 
ment was conducted over a period of 
four months, beginning in January, 
1929, and continuing through the 
month of April, 1929. The experi- 
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ment was carried on between 2:30 and 
3:45 in the afternoons. The children 
began waking from their naps at 2:00 
or before, and no child was taken to 
the experimental room immediately 
upon awaking, but was allowed to 
enter group activity or into some 
individual activity before the experi- 
menter suggested to him that he go 
upstairs for a while, where there was 
something for him, or where there was 
a game for him to play. 

In all the situations the child was to 
try to get a cookie. Since it was 
thought that the mid-afternoon lunch 
of milk and wafers or crackers might 
reduce the motivating value of the 
animal cookie the child was allowed 
but one wafer at lunch. Except in a 
few instances, the children were ready 
and eager to go with the experimenter. 
Often, when the experimenter was 
calling a child, another would ask 
“May I go today?” or “I know what 
she has for you, an animal cookie,”’ or 
“Oh, I know a cookie, a cookie.” It 
seemed to the writer that some of the 
children who were least eager to go 
were the ones who had recognized their 
own failure in a previous situation. 
This is perhaps only a generalization 
from a few noted cases since records 
on this point were not kept. 

As was stated, the situations used 
were as similar in objective details 
as possible with certain ones used 
and described by Kohler. 

Situation I. This situation was 
similar to the one Kéhler describes 
in his introduction. A medium-sized 
black ring (two and one-half inches in 
diameter) hung in the middle of the 
ceiling. Through this a red string 
was drawn, which suspended a basket 
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containing an animal cookie. The 
basket was beyond the child’s reach, at 
a distance of 5 feet 10 inches from the 
floor. The other end of the string 
was tied to a small black ring that was 
placed over a plain, right-angle hook, 
which was fastened in the wall two and 
one-half feet from the floor. The solu- 
tion consisted in taking the ring off the 
hook and allowing the basket to fall 
to the floor, thus bringing the cookie 
within the child’s reach. There was 
no other object in the room except a 
small box on which the experimenter 
sat while keeping the record. 

Situation II. In this situation the 
basket hung from the middle of the 
ceiling at a distance of 5 feet 12 inches 
from the floor for all but the four 
smallest children, for whom it was 
lowered 4 inches. The string was 
fastened to the ring in the ceiling so 
that the basket could not be lowered. 
There were two boxes in the room, one 
against the right wall as the child 
entered the room and the other against 
the left. The box which was placed 
about half way along the right wall 
was 12 inches by 12 inches by 12 
inches. The other was 12 inches by 
16 inches by 20 inches. This situation 
was complicated, however, by placing 
the ring over the hook as in Situation 
I, but fastening the other end of the 
string to a small hook in the ceiling 
at a distance of 4 inches from the black 
ring from which the basket was sus- 
pended. This situation then, at the 
first glance, would appear somewhat 
similar to Situation I. The solution 
consisted in placing the smaller box 
on top of the larger one, climbing up 
and taking the cookie from the bas- 
ket (9). 
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Situation III. For the next three 
situations, a railing 30 inches high, 
with spaces of 3} inches between the 
rails, divided the room into two equal 
parts, into one of which the door of 
the room opened. The child remained 
in the outer part and the goal was 
placed beyond the railing. In this 
situation a small box with a picture 
of an animal on it was placed 36 
inches from the railing and opposite 
the middle of it. The box contained 
the usual animal cookie. Fastened 
to the box was ared string. The other 
end of the string just touched the 
railing. There were also four other 
strings, each of which touched the 
railing. These were placed in such 
positions that the correct string at the 
railing was the middle one of the five. 
The strings were placed in such a posi- 
tion that two “X’s” and one straight 
line was formed (9). The solution 
consisted in choosing the correct string 
and pulling the box to the railing, 
where the child could get the cookie. 

Situation IV. In this situation the 
same box as in Situation III was 
placed in a similar position except that 
it was only 33 inches from the railing. 
The tools given for solution were 
three sticks, 30 inches, 31 inches, and 
35 inches in length, any one of which 
was long enough to reach the box. 
The sticks were irregularly placed on 
the child’s side of the railing near the 
right hand wall. This situation was 
complicated by having the space 
between the box and the railing 
covered by the five strings, placed as 
in Situation III except that the box 
was separated from the end of the 
string which had been the correct one 
in that Situation, by a distance of 3} 
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inches. The solution consisted in 
choosing any one of the sticks, putting 
it beyond the box and pulling the box 
to the railing, where the child could 
reach it and get the cookie. 

Situotion V. In this situation the 
box containing the cookie was placed 
at a distance of 33 inches from the 
railing near the right hand wall. A 
stick 14 inches long lay alongside the 
railing and opposite the box. Near 
the left wall, beyond the railing and 
out of reach of the children if they 
used their arms, a stick 35 inches long 
was placed parallel to the railing. 
The solution consisted in securing the 
long stick with the short stick and 
pulling the box to the railing as in 
Situation IV. 

In all these situations an effort was 
made to have all the parts of the situa- 
tion within the child’s field of vision. 
This was particularly difficult with 
the young children, who, as Alpert 
says, often see only that which is on 
a level with their eyes, and do not look 
up nor down. Only with a few of the 
very small children was this difficulty 
found and in these cases the child was 
lifted by the experimenter until his 
eyes were on the level with the basket. 
Then he was put on the floor again 
and the routine procedure continued. 
It was thought better to lift the child 
up to the basket rather than to point 
to it, since the child might merely 
imitate the action. In most cases, 
however, the children saw the basket 
the moment they entered the room, or 
looked at it when the experimenter 
gave the first instruction. 

Procedure. The cookie was placed 
in the basket or box before the child 
entered the room. Upon entering, 


247 


the child was given the following in- 
structions: “‘There’s an animal cookie 
in the basket (or box) for you, (name 
sometimes mentioned here). You get 
it and you may have it.” No further 
directions were given or questions 
asked, such as might in any way aid 
the child to a solution. Questions 
regarding manner of solution or asking 
for help were not answered. If the 
child asked for permission to do a 
specific thing, the answer was “Yes,” 
or “You may get it in any way you 
wish.” “You get it” was sometimes 
repeated in the beginning, in order to 
make sure the child had understood the 
first directions. When the child had 
not tried, or had tried but without 
success, the experimenter used as a 
means of regaining the child’s atten- 
tion to the situation, or a means of 
motivation, “Do you know that John 
and Polly Ann and Dickie were up 
and got their cookies? Now you 
get yours.” Before each trial was 
brought to a close and usually at 
the end of about five minutes, if the 
attempts of the child had been without 
success, or if he had not tried at all, 
the experimenter asked, “Would you 
like to go downstairs, or do you want 
to have the cookie?”—always in this 
order, so that the final suggestion in 
the child’s mind was the cookie and 
not the going downstairs. If the 
child said he wanted the cookie, the 
experimenter said, “All right, you get 
it,” and if he made further attempts 
he was permitted to go on for a short 
time, after which the experimenter 
said, “I guess we'll go downstairs 
now and try another day. Then 
I think you can get it.” 

Records. Records were kept on 
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blanks which gave a place for the date, 
the name of the subject, the situation, 
the length of time the child remained 
in the situation, a space for a running 
account of what both the experimen- 
ter and the child said, and also for a 
description of the total activity of the 
child. 

Since it was the purpose of the 
experiment to get a general picture of 
problem solving behavior in young 
children, the first step in the treat- 
ment of the results was to note all the 
different kinds of overt reactions that 
occurred. It was found that these 
fell into the following fifteen cate-. 
gories: 


Kinds of reactions observed 


1. Failure to Respond: A group composed 
of three sub-groups. 

a. Not responding, (N. R.)?—No re- 
sponse to the problem situation, 
either for the entire time or for part 
of the time. 

Examples: Subject looked at basket 
while first instructions 
were being given, but 
wanted to look at book. 
Subject went and 
played with door knob. 

Subject played with col- 
lar on dress; watched 
experimenter; then 
said, ‘‘I got a little 
dolly in my pocket.’’ 

Negativism, (N.)—Cases character- 

ized by stubborn unresponsiveness 

in behavior, lasting for a long enough 
period so that the records make the 
fact apparent. 

Examples: Subject merely stood and 
looked at experimenter 
and sucked fingers. 
Showed no response to 





2The letters in parentheses are the 
abbreviations by which the categories are 
indicated in the tables. 
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instructions and did not 
answer the questions 
of the experimenter. 

Subject looked around 
room, eyes on the floor, 
and did not look up at 
the basket. Subject 
did not in any way 
recognize experimen- 
ter’s questions or in- 
structions. 

c. Leave situation, (L. S8.)—Cases in 
which the child said he wanted to 
leave the room. 

Examples: Subject standing by door 
repeated several times, 
“T want to dd down- 
stairs.’’ 
Subject trying to open 
door, said, ‘I want to 
dd out. I want to do 
out here. I want to 
dd out. Where’s my 
toat?”’ 

2. Feeling of Incapacity, (Inc.)—Cases in 
which the child expressed or indicated a 
feeling that he could not meet the situa- 
tion. 

Examples: Subject went to railing, and 
at same time stepped on 
the sticks. He repeated, 
“T can’t. I can’t.” 

Subject said, “‘I can’t get it. 
See, I can’t get in here.’’ 

3. Asking Experimenter for Help, (E.)— 

Cases in which the child sought the aid 

of the experimenter. 

Examples: Subject said, ‘“‘Can I get a 
stick? Will you get the 
stick? Will you help me 
up there and then I can 
get it out? Put that pen 
in there and help me. 
Miss M., what are you 
writing?’ 

Subject said, ‘How can I 
get my cookie? Say, how 
can I get my cookie? 
How? How did they get 
theirs? How did they?” 

4. Sour Grapes or Rationalization, (S. G. 
or R.)—Cases in which there was an 
attempt to explain away failure. 
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Examples: Subject said, ‘‘But I don’t 
care. I can have one at 
home. Say, I better try 
some other day. I don’t 
care if they got theirs. I 
don’t want a cookie. Why 
should I have one?’’ 

Subject said, ‘‘I have to go 
home now. My mother 
wants me.” 


5. Pointing or Reaching, (P. or R.)—Cases 


in which the child pointed or reached or 

jumped toward the basket. 

Examples: Subject said, ‘‘It’s too high, 
isn’t it? It’s hanging in 
the ceiling,’”’ and at the 
same time reached toward 
basket. 

Subject jumped and reached 
toward basket. 

. Manipulation, (M.)—Some overt ma- 

nipulation in the direction of the object, 

or trying to get a tool, but not resulting 
in the correct solution. 

Examples: Subject took ring off hook 
and pulled a little bit, but 
put it back over hook. 

Subject moved one box un- 
der the basket and climbed 
onto it. Subject then 
jumped down and took 
ring off hook. Then he 
climbed back onto box. 

. Other Solution Suggested, (O. 8. 8.)— 

Cases in which the child suggested other 

possible solution, which did not apply in 

the given situation because tools were 
not available. 

Examples: Subject said, “‘If there was 
only a box, then I could 
get up there,’”’ meaning 
over the railing. 

Subject said, ‘‘If there was 
only a block here, then I 
could step. Maybe I can 
get achair.”’ 

. Other Solution Used, (O. S. U.)—Cases 

in which a solution was used other than 

the one expected by the experimenter. 

Examples: Subject climbed over railing. 

Subject took ring off hook 
in situation where use of 


boxes was correct solution 
Subject then bumped bas- 
ket with string and 
knocked cookie out of 
basket. 


9. Knowledge Without Solution, (K. W. 8.) 


—Cases in which it was evident from 
action and conversation that the child 
knew the solution, but could not or 
would not carry it out. 

Examples: Experimenter suspected 
that subject knew solu- 
tion. After the particu- 
lar situation had been 
brought to a close without 
the subiect having solved 
the problem, the experi- 
menter asked, ‘‘How do 
you suppose Bobbie got 
the Cookie?’ Subject 
answered, ‘‘With the 
stick.” Experimenter, 
asked, ‘‘Which one?’ 
Subject said, ‘‘That one,”’ 
pointing at the long stick 
beyond the railing. Ex- 
perimenter asked, “How 
do you suppose he got 
that?” Subject answered 
“With that,” pointing at 
the short stick. Experi- 
menter next asked, ‘‘Then 
how do you suppose he got 
the cookie?’’ and subject 
answered, ‘‘Put it back of 
the box,’’ but when the 
experimenter said, ‘‘You 
show me how he did it,”’ 
the subject answered, “I 
can’t do it.’ 

Subject in handling long 
stick moved the box a 
little beyond his reach 
before he started pulling 
it toward him. In order 
to test whether the sub- 
ject really knew the cor- 
rect solution, the subject 
was allowed to try again, 
and the second time he 
put the stick carefully 
beyond the box and pulled 
it to the railing. 
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10. Partial Solution, (P. S.)—A start in the 


right direction, which was not followed 

by asolution. If ,here was practically 

continuous manipulation up to time of 
solution, it was not tabulated as ‘‘P. 

8.’”’, even though it was something that 

could have been tabulated as such if 

the solution had not resulted. How- 
ever, if there was a partial solution, then 

a change to some other activity, such 

as “‘Inc.”, “N. R.”’ or ‘R” and later 

the solution did occur, the first was 

tabulated at “P. 8.” 

Examples: Subject picked up _ short 
stick and reached toward 
box. 

Subject turned large box on 
end and climbed onto it 
and reached toward 
basket. 

. Surprise at Solution, (S. at S.)—Cases 

in which child did not know solution 

would result from his act. 

Examples: Subject took ring off hook; 
pulled basket to ceiling; 
hesitated. Subject then 
let goofring. The basket 
fell to the floor. The 
subject came and stood 
by the experimenter and 
made sounds of surprise, 
and waited for the experi- 
menter to tell him to get 
his cookie. 

Subject took ring off hook; 
then merely let go, and 
the basket fell to the floor. 
Subject, rather surprised, 
said, “‘Look it. Where is 
that little round thing? 
Oh! up there. How can 
you get it up again?’’ 


12. Knowledge of Solution, (K. S.)—Cases 


in which manipulation was followed by 

solution which child expected, as indi- 

cated by his comments or the behavior 
as recorded. 

Examples: Subject after playing with 
ring and asking how to 
get the cookie, went back 
to ring, released it and 
held it while letting the 
basket lower and while 
getting her cookie. 
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Subject said, “Get that 
stick,’’ after which she 
proceeded to get the long 
stick with the short one 
and use the long one 
correctly to get the cookie. 


13. Solution Without Preceding Manipula- 


tion, (S. W.)—Cases in which the act 

began at once and with no unnecessary 

preliminary movements. 

Examples: Subject reached right down 
and pulled correct string 
without touching others, 
and watched box coming. 

Subject said, ‘(How can I[ 
get it?’ paused a moment 
and said, ‘‘Maybe I can 
get it.’ Subject went 
immediately to long stick, 
pulled it to railing; picked 
it up and put it beyond 
cookie box and pulled it 
directly to railing. 


. Solution for Sake of Solution, (S. 8.)— 


Cases in which the child repeated the 

essential activity of solution. 

Examples: After subject had removed 
ring and let basket lower, 
pulled on ring until basket 
was again near the ceiling 
and then let it lower again 
before taking the cookie 
out, although he had 
looked at the cookie the 
first time the basket was 
lowered. 

Subject put cookie basket 
as far back from the rail- 
ing as possible and then 
repeated the act of pulling 
it to the railing. 


. Miscellaneous, (Mis.)—Special, excep- 


tional and doubtful cases, such as those 
in which the subjects did not make use 
of the short stick in getting the long 
stick, but pulled the long stick to them 
with their feet; also cases in which the 
experimenter felt the subject knew the 
solution, but had not direct positive 
evidence. 


TABULATION OF THE DATA 
In tabulating the data, the writer 


went through the records for each 
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child and noted each kind of response 
which a particular situation had 
elicited from the child. This meant 
that no type of response was counted 
more than once for the same child in 
a single situation. This procedure 
avoided the difficulty of deciding how 
many specific times a given reaction 
appeared. For example, it would 


have been difficult to decide how many 
times a child showed negativism dur- 
ing the course of a problem, or how 


many times a tabulation should be 
made for “Manipulation” during a 
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considered functions of the particular 
features of any particular situation, 
but may be regarded as general modes 
of activity brought out by situations 
of this type. Responses connected 
with solutions form an exception to 
this general rule. Since each problem 
demanded a particular performance 
for its solution, the reaction closely 
associated with the solution would, of 
course, be determined by the special 
features in each case. For example: 


Situation I brought out no instances of 
“other solution used,’’ since no other solu- 


TABLE 1 


Table showing all of the responses according to situations 
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given test situation, though the occur- 
rence of negativism or manipulation 
to some degree were clearly apparent. 


Responses in relation to the situations 
eliciting them 

Table 1 shows the distribution of 
responses according to the situations 
which elicited them. The first fact 
which becomes apparent is that every 
situation brought out every kind of 
response, with the exception of those 
directly connected with the solution. 
The responses, therefore, cannot be 


tion than the correct one was possible in 
this situation. 

Only Situation I brought out instances 
of “‘surprise at solution.’’ 

No cases of “knowledge without solu- 
tion’”’ appeared in Situations I or ITT; i.e., no 
child who knew the correct solution in the 
case of removing the ring from the hook and 
letting the basket lower, or in the case of 
pulling the cookie box to the railing by 
means of the string, failed to do so. 

Partial solutions occurred with greatest 
frequency in Situations II and V, those in 
which the correct solution involved either 
the large and the small box, or the short 
and the long stick, thus making it possible 
to solve the problem part by part. It is 
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interesting to note that this kind of activity 
is similar to the ‘‘partial analysis’? which 
Ruger found to be so frequent in his adult 
subjects. 

The largest frequency of solutions occurs 
in the category ‘‘knowledge of solution,”’ 
i.e., solution following manipulation, in 
which the child knew the solution was com- 
ing. Ruger also found this sort of thing in 


his adult subjects. 


The table also gives information 
concerning the relative frequencies of 
the different responses brought out 
by the different situations. 


The largest percentage of instances out 
of the total number possible occurs in the 
category ‘“‘manipulation,”’ this kind of 
response having occurred in 66.4 per cent 
of the cases. If we combine the categories 
“manipulation” and ‘‘pointing or reaching”’ 
to determine how many times a response 
occurred of a general sort which might be 
called “trial and error,’’ i.e., if we tabulate 
but once for each child situation in which 
either one or both of these kinds of re- 
sponses occur, the percentage is raised to 
77.1. The prominent réle of trial and error 
is thus clearly indicated. 

The next two largest percentages occur 
in the categories “feeling of incapacity’’ 
and ‘“‘seeking help from experimenter.” 
Again there is a similarity to the results of 
other studies. Ruger says that feelings of 
inability to solve puzzles were frequently 
mentioned by his subjects in the early 
stages of the experiment. The large num- 
ber of cases in the second category, ‘‘seeking 
help from experimenter,’”’ is probably due 
to the fact that all the children used were 
very young. Heidbreder found that young 
children were much more likely than adults 
to respond to the social element of the 
situation, and that seeking help from the 
experimenter was one of the reactions in 
this class. 

If we combine all the sub-groups under 
“failure to respond,” i.e., if we tabulate 
but once for each child in each situation in 
which one or more of the various types of 
‘failure to respond”’ occurs, we see that this 
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response appears in 51 (36.42 per cent) of 
the cases. 


There were 48 solutions in the 
experiment as a whole. This repre- 
sents 34 per cent of the possible num- 
ber of solutions. Out of these solu- 
tions, 39 cases came in the category 
“knowledge of solution,” all of which 
followed manipulation. Solutions in 
the category “solution without prelimi- 
nary manipulation” were rare. In 
the whole experiment there were only 
five cases of this sort. It was solu- 
tions of this kind in which Kohler 
was particularly interested, and it is 
interesting to note that this represents 
a very small percentage of the total 
number of solutions, when an attempt 
is made to keep a record of all the 
reactions made. 


Responses in relation to the individuals 
studied 


In table 2 the responses are classified 
according to the children from whom 
they were elicited. According to this 
table, no child showed responses of 
all though some children showed a 
greater variety of responses than 
others. This does not mean however, 
that variability of response is greater 
from the standpoint of situation than 
from the standpoint of individuals. 
Each child was tried out in only five 
situations; whereas each situation was 
tried out with 28 children. The wider 
range of response elicited by each 
situation may easily be due to this 
fact. If each child had been placed 
in a greater number of situations, the 
range of his responses would probably 
have been wider. 

However, there are some kinds of 
responses common to nearly all of the 
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TABLE 2 
Table showing all the responses made by each child in the five situations 





AVERAGE 
TIME 


oS 8 De 
a|a|é 


r-) ) id 





O ONS om wd & | CHILD 
bo 
ed N DN — P Ww 


ow 


or or be 


5 
1 
2 
3 
5 
5 
2 
2 


PRPNN AWE AR Woe Om Ow dP |™M 


mB ow dO or or & Ww 





33 | 7 | 17 


~1 
nas 


14 | 30 


© 
ow 


18 6 





17] 4] 8| 23) 21] 10) 16) 27/11] 6| 5/18] 4/17] 4] 4] 16 





60.714. 3/28 6/82. 1)75.0/35. 7/57 . 1/96. 4/39 3/21 4/17 .9|46 4/14. 3)60.7|14.3)14.3/57.1 



























































children. The relative frequency of 
the number of children from whom the 
response was elicited is as follows: 


‘Manipulation’? was shown by all but 
one child, or by 96.42 per cent of the chil- 
dren. Some type or other of the ‘‘failure to 
respond’ group was shown by 74 per cent 
of the children. ‘Incapacity’ ’was shown 
by 82.14 per cent of the children. ‘‘Seeking 


help from the experimenter’ was a response 
shown by 75 per cent of the children. Cases 
of ‘‘knowledge of solution,”’ in which manip- 
ulation was followed by solution which the 
child knew was coming, appeared among 
60.71 per cent of the children. 


Though these numbers cannot be 
taken in an absolute sense, they indi- 
cate that these children had strong 
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tendencies to reaction in some way 
when placed in this type of situation. 
There was but one child who consis- 
tently showed only one kind of re- 
sponse, and that was found in the 
“failure to respond” group of cate- 
gories. This child consistently re- 
sponded to something other than the 
problem. 


Relation between age and responsiveness 
to problems as such 


The data were also analyzed to see 
whether there was any relation be- 
tween age and responsiveness to a 
problem as such. This question has 
been considered by Heidbreder (7, 8, 
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responses were likely to occur at 
particular age levels, in order to 
determine the extent to which the 
child was responding to the problem. 

The percentage of each response 
was computed for each age group by 
dividing the actual number of times 
the response occurred by the possible 
number of times it might have 
occurred. In getting the percentages 
in the case of the “sour grapes or 
rationalization,” the procedure varied 
a little, as the number of times the 
response occurred was not divided by 
the number of times it might have 
occurred, but by the number of times 
in which failure occurred at each age 


TABLE 3 
Table showing percentage distribution of responses mentioned in relation to chronological age 
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9) who noted that responsiveness to a 
problem as such rarely occurred below 
the four-year-old age level. 

In order to bring out the evidence 
on this point the categories of “failure 
to respond,” “asking experimenter for 
help,” “feelings of incapacity,” 
“pointing or reaching,” ‘“manipula- 
tion,” “rationalization or sour grapes,” 
and “other solutions suggested,’’ were 
studied. These categories include all 
kinds of responses noted except those 
having to do directly with the kinds 
of solution. Those having to do with 
solution will be taken up later in a 
separate discussion. These categories 
were studied to see whether particular 


? 


level, in order to determine the per- 
centage of cases in which the children 
rationalized their feelings. The re- 
sults are presented in table 3. Cor- 
relations were also computed between 
these responses and C. A. 

Failure to respond. All the cases 
under the “failure to respond” were 
considered together in this part of the 
analysis. When the percentages are 
computed for the different age levels, 
it becomes evident that there is a 
constant decrease in the percentage 
with increasing age. At age two the 
percentage coming under this category 
is 100. This does not mean that 
“failure to respond” represents the 
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total activity of the child, but that 
for as least a part of the time, or in 
some of the cases the whole time, the 
child was not responding to the prob- 
lem situation as such. At age three 
the percentage of cases in this category 
is 40; and at age four it drops to 20, 
showing that with age there is an 
increase in responsiveness to this type 
of situation, and it appears that the 
most distinct break comes between 
the ages two and three. However, 
the number of cases at age two is too 
small to warrant generalizing. The 
correlation between chronological age 
and “failure to respond” is —.738 
+.058. 

Asking experimenter for help. An- 
other line of evidence pointing to this 
increase in responsiveness with age 
comes from a consideration of the cases 
tabulated under “asking experimenter 
for help.” At age two there was but 
one response out of a possible 15, or 
6% per cent listed under this category. 
At age three the percentage increases 
to 33, and at age four to 59. It is, 
therefore, not the youngest children 
who ask most often for help or infor- 
mation with regard to manner of 
solution. It appears that there must 
first be a certain amount of responsive- 
ness to the problem situation as such, 
before the need for assistance is felt. 
The correlation between chronological 
age and “asking experimenter for 
help” is +.642 +.075. 

Feelings of Incapacity. A third line 
of evidence comes from a consideration 
of the number of responses of a feeling 
of “incapacity.” At age four 51 per 
cent of the possible responses are 
listed under this category. At age 
three the percentage is 60, and at 
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age two the percentage is 33. A 
possible explanation of the fact that 
the percentage does not go up between 
ages three and four is that the four- 
year-olds were able to solve more of 
the problems, and this would eliminate 
the feelings of “incapacity” somewhat, 
although a feeling of “incapacity” was 
often followed later with a solution. 

Pointing or reaching. When we 
consider the category “pointing or 
reaching,” we find but slight age 
differences and those not consistent. 
At age two the percentage of responses 
appearing in this category is 27; at 
age three the percentage is 20; and 
at age four the percentage is 21. The 
four-year-olds are just about as apt 
to reach or point at the object or goal 
as are the two-year-olds. The corre- 
lation between chronological age and 
“pointing or reaching” is —.026 +.127. 

Manipulation. When the category 
“manipulation,” in which the child is 
overtly manipulating objects, is con- 
sidered, however, we have a definite 
increase with age. The cases in this 
category at age two are but 47 per 
cent of the number possible. At 
age three it is raised to 56 per cent, 
and at age four to 79 per cent. The 
correlation between chronological age 
and “manipulation” is +.435 +.103. 
It is interesting to note that this 
correlation is lower than the correla- 
tion between chronological age and 
“asking the experimenter for help.” 
This is due to the fact that the tend- 
ency to manipulate was fairly strong 
even in the lowest age group, whereas 
“asking the experimenter for help was 
much less common at the lower age 
levels. 


Sour grapes and rationalization. At 
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age two, where there were no solutions, 
there was no attempt at rationalization 
and no response of the sour grapes 
variety. At age three, where there 
were fourteen solutions and forty-one 
failures, there were five cases of 
“rationalization and sour grapes” or 
12 per cent of the cases of failure. At 
age four, where there were thirty-four 
successes and thirty-six failures, there 
were nine cases of “rationalization and 
sour grapes” or 25 per cent of the 
cases of failure. Apparently the 
children become more concerned about 
their failures; or no doubt, there may 
be a constant increase in the number of 
recognitions of failure as such, for in 
the cases where there is failure to 
respond to the problem situation, there 
is also, no doubt, a corresponding 
failure to recognize the failure to solve 
the problem. 

Other solutions suggested. Other 
solutions than the particular one which 
was expected for a given situation 
were suggested in 17 per cent of the 
cases at age four, in only 9 per cent 
of the cases at age three, and 6.6 per 
cent of the cases at age two, showing 
an increase with age in the number of 
solutions suggested by the situation 
even though the necessary tools might 
be lacking. The correlation between 
chronological age and number of 
“other solutions suggested” is +.345 
+.112. 

On the whole, then, there is evidence 
of an increase with age of responsive- 
ness to a problem as such. Reactions 
included in the “failure to respond’ 
group of categories steadily decrease 
in relative frequency with increase 
in the age of the groups, while “manip- 
ulation” and “seeking help” which 
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imply a direct reaction to the problem 
itself, show an increase. ‘Feelings 
of incapacity” and rationalization do 
not occur at the lowest age level, where 
indications of responsiveness to a 
problem are almost entirely lacking, 
but are most frequent at the ages 
where the subjects show signs of 
recognizing the problem, but are not 
as yet able to solve it. Thecorrela- 
tions range from —.74 +.07 between 
chronological age and “failure to 
respond” to +.64 +.17 between 
chronological age and “asking the 
experimenter for help.” 


Relations between age and the ability to 
solve problems 


The question of whether the ability 
to solve problems is related to maturity 
was also considered. The question 
was answered by noting the distribu- 
tions of solutions at different age levels 
(both chronological age and mental 
age), and by noting the correlations 
between age and solutions. The dis- 
tributions are given in table 4. 

From the standpoint of C.A. the 
results are very clear. There is a 
definite increase with age in the 
number of solutions per child. At 
age two the average number per child 
is 0; no child under two and one-half 
years of age solved any problem. At 
age three the average number of 
solutions per child is 1.3, and at age 
four is 2.4. 

From the standpoint of M.A. the 
results are at first less clear. When 
M.A. is considered, age groups are 
less clearly defined, for the range 
covered is from twenty-seven months 
to seventy-eight months, and when 
this is divided into age groups, there 
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is but one child under two and one- 
half years, and he makes no solution; 
there are nine children between two and 
one-half and three and one-half with 
an average number of solutions per 
child of 1.5; ten children between three 
and one-half and four and one-half with 
an average number of solutions per child 
of 2.1; five children between four and 
one-half and five.and one-half with an 
average number of solutions per child 
of 1.4; two children between five and 
one-half and six and one-half, (one of 
them being five years-seven months 
and the other exactly six years six 
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child is capable of solving the situation 
as set up by the experimenter, but on 
the other hand, they do lessen the 
possible chances that the child has of 
solving all five situations. These cases 
were taken into account by subtract- 
ing them from the number of solutions 
occurring as compared with the num- 
ber possible. A correction was also 
made for “knowledge without solu- 
tion.” It was considered equivalent 
to solution, because the question in 
this particular connection was whether 
the child knew how to solve the prob- 
lem and not whether he actually 


TABLE 4 


Table showing distribution of solutions according to C. A. and M. A. by average number 
and percentage 





M. A. 





Average 
number per} Percentage 
child 


Cc. A. 


Average 
Number of|/number per 
cases child 


M, A. 





2 year olds 0 0 
3 year olds 1.3 26 
4 year olds 2.4 62 














2 year olds 1 
3 year olds 0 
4 year olds 10 
5 year olds 5 
6 year olds 2 














months), with an average number of 
solutions per child of 3.5. 

However, an inspection of the raw 
data suggested that the average num- 
ber of solutions per child does not 
present a very accurate picture, for 
it does not take into account the 
cases coming under the categories 
“other solution used” and “knowledge 
without solution.” Failure to con- 
sider cases in the category “other 
solution used” distort the results 
because these cases have no chance of 
being included in the average number 
of solutions, since they do not tell 
anything about whether or not the 


went through the motions. A _ per- 
centage distribution of solutions ac- 
cording to the M.A. groups worked 
out on this basis follows: 





MENTAL AGE SOLUTIONS 





per cent 


Under 23 years 0 
23-34 years 30 
BERR LVORIA 6105 Ses ces vider se cawe 47 
WOME WOREE 6 occ ccs cas ccveves’ 45 
LG Ea 88 








There is a very slight difference in the 
reverse direction between the four 
year group and the five year group, 
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but the series as a whole indicates a 
consistent tread. 

When the same changes are made in 
tabulation, ie., when the categories, 
“other solutions used” and ‘“‘knowl- 
edge without solution” are treated in 
the manner described, C.A. differ- 
ences are also brought out more clearly. 
A percentage distribution of solutions 
according to C.A. groups worked out 
on this basis follows: 





SOLUTIONS 





per cent 
ROME OR WORER . gb 3.5 oicie's vie'e sess 0 
RE SORES (1 5i5ri5 c's 0 5 v8 x50 9 0-8 08 26 
DOT MING ooo Gis 5 soa sda ewivie ne 62 








This shows an even greater age differ- 
ence than when we considered merely 
the average number of actual solutions 
per child. 

The same trend of relationship be- 
tween ability to solve problems and 
age is shown by correlations between 
solutions and mental age. The cor- 
relations between solution (including 
cases of “knowledge without solution’’) 
and chronological age is +.464 +.1 
and between solution (including cases 
of “knowledge without solution’’) and 
M.A. is +.422 +.107. In summary, 
then it may be said that there is a 
positive and significant relationship 
between the ability to solve problems 
and both M.A. and C.A. 


Transfer from one situation to another 


One of the criteria which Kohler 
uses to distinguish between intelligent 
and unintelligent behavior is the 
reaction of the subject when, at a 
later time, he is placed in a situation 
which he has solved. If he has solved 
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the situation through “insight,” he 
will immediately produce the correct 
reaction; if he has solved it by trial 
and error, the correct reaction will 
not appear immediately. 

It was not possible to make exactly 
this test in this experiment, but an 
approximation was attempted. For 
example, Situation II was made similar 
to Situation I in that in Situation II, 
when the child reached the basket by 
climbing on boxes, the ring and string 
by which the basket could be lowered 
in Situation I were also present, but 
the string was not attached to the 
basket. The question was whether in 
solving the first problem the child 
had merely reacted to the ring on the 
hook because it was the only object in 
the room to which he could react with 
manipulation or whether he would 
immediately try to use the same pro- 
cedure in the second situation. Had 
the child understood why the method 
he had used in Situation I had brought 
about the solution? 

In the case of Situation I, eleven 
of the 28 children removed the ring 
from the hook, two others looked at 
the ring and one played with the 
string. Of the eleven who removed 
the ring in Situation I, ten removed it 
when placed in Situation II. The 
one child who did not, but who had 
done so in Situation I watched the 
basket carefully when he moved the 
string a trifle, and said, after talking 
about using the boxes, “I just did that 
other one to take that down, (pointing 
at the ring). That won’t work this 
time.” Of the ten individuals who 
removed the ring in both situations, 
eight continued to pull hard, jerked 
hard on the string, or else asked the 
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experimenter why the cookie did not 
come down this time. One of the 
two who did not react in this manner 
put the ring back immediately, giving 
no reason for doing so, while the other 
child explained during the situation 
why it did not work. The latter child 
had shown “surprise at solution” in 
Situation I, but had also shown a 
marked interest in why the solution 
had been brought about. After re- 
moving the ring the second time in 
Situation II, and observing at the 
same time, “It doesn’t come down. 
It’s not fastened onto the basket there 
you see,” and after succeding in getting 
the cookie by the use of the two boxes, 
this child said, “I climbed up and got 
it. Is that why you had the boxes? 
I know because you didn’t have the 
string fastened.” 

Only two children who had not 
removed the ring in Situation I did 
so in Situation II. One of these had 
merely looked at the ring in Situation 
I, and in Situation II put it back 
immediately after removing it. The 
other child who had expressed only 
negativism during the first situation 
played with the ring and let it swing 
this time. One child who had looked 
at the ring in Situation I took hold of 
the ring but did not remove it in 
Situation II. Two children who had 
neither touched nor looked at the ring 
in Situation I touched the ring but 
did not remove it. The child who 
merely played with the string in 
Situation I, payed no attention to the 
ring or string in Situation IT. 

There is evidence, therefore, for 
three statements: (1) that ten of the 
11 children who solved Situation I 
did so without complete understand- 
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ing, since they applied the solution 
uncritically in a situation changed in 
a crucial manner and (2) that one of 
the solutions had been made with an 
understanding sufficiently clear to 
enable the child to offer spontaneously 
an explanation of the change in his 
procedure, and (3) that one child who 
had shown “surprise at the solution” 
in Situation I was able to explain 
what had been changed when placed 
in Situation IT. 

Situations III and IV were also 
somewhat similar. In fact Situation 
IV resembled Situation III in all re- 
spects except that none of the strings 
were attached to the box and that the 
sticks were present. Thirteen chil- 
dren solved Situation III, five of them 
pulling only the correct string. Of 
these 13 children, ten pulled or moved 
one or more of the strings in Situation 
IV; one looked at the strings only 
and then immediately solved the 
problem with the stick; another looked 
at the strings, said, “I am going to 
pull this, but I can’t get it,” (indicat- 
ing the cookie), but did not touch any 
of the strings, and later said, “I pulled 
that string once and got it, but it 
won’t come today,” and the other 
one of the thirteen children did not 
even look at the strings. The two 
who merely looked at the strings in 
Situation IV had -been ones who had 
pulled only the correct string in Situa- 
tion ITT. 

Of the ten children mentioned as 
doing something with the strings in 
Situation IV, one merely pushed all 
the strings away, but did not pull any; 
another said after iooking closely, 
“How can I get the string?” but took 
hold of the two strings opposite the 
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basket and pulled a trifle; another 
said, “Is there any string on it?” 
pulled two of the strings, looked a 
while then pulled two more and played 
with all of them; another pulled each 
string a trifle, watching the box at 
the same time and then said, “I guess 
I can’t get it;’’ another pulled three 
of the strings and then said, “Oh, I 
can’t. How can you pull it?” three 
of them pulled the strings but said 
nothing about it; while another asked 
where he should pull or reach his 
cookie and tried to get one of the 
strings back to the box so that he 
could pull the box to him, saying, 
“guess I'll pull it by a string. Then 
I can get it out;” and the other one 
of the ten said, “How can you? There 
isn’t any string on it,’’ but went ahead 
and pulled one string anyway, and 
then said, ‘‘How can we get it? The 
string broke.” 

This last child who was able to 
explain why the box would not come, 
and the child, who though he did not 
touch the strings in this Situation, 
explained, “I pulled that string once 
and got it, but it won’t come today,” 
are the same two respectively, who 
in Situation II explained that the 
problem could not be solved by releas- 
ing the ring although that had been 
the correct solution in Situation I. 

Of the children who did nothing with 
the strings in Situation III, two of 
them pulled a string out in Situation 
IV, one of these merely playing with 
it and trying to poke it through the 
key hole; and a third touched all five 
strings but did not pull any of them. 
The rest of the children paid no atten- 
tion whatsoever to the strings. 

Judging from these results there was 
evidently more understanding in 
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Situation III than there had been in 
Situation I. In general, the behavior 
of the children who had solved Situa- 
tion III showed two features when 
presented with Situation IV: (1) a 
tendency to carry over the manipula- 
tion of the string to a new situation in 
which it appeared, and (2) a tendency 
to suspect that the old solution would 
not work, even when they used it. 
It is especially interesting to note 
that these results indicate that the 
understanding of a situation exists in 
degrees and that the complete under- 
standing which Kohler characterizes 
as insight represents one extreme of 
the distribution, when all cases are 
considered. Ruger and Miss Alpert 
also found that understanding or 
“analysis” or “insight” existed in 
various degrees of completeness. 


DISCUSSION AND CONCLUSIONS 


The experimental procedure used 
in this study places a number of 
difficulties in the way of interpreta- 
tion. There are several factors which 
cannot be controlled. Interest, moti- 
vation, and general attitude cannot be 
held constant from child to child 
even when they are of the same age, 
and when comparisons are attempted 
between children and adults and 
between human beings and animals, 
the matter becomes even more difficult. 
Besides, individual differences in past 
experience and in inherited natures 
operate in cases of this sort, and can- 
not be equalized. 

It is difficult, too, to follow and 
interpret correctly the problem solving 
activities even of adults, who in addi- 
tion to their overt behavior, give 
verbal accounts of their activities, 
It is even more difficult to follow the 
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activities of children, since cues are 
more limited, and interpretations must 
be based on their overt activity plus 
a few chance remarks which occur 
seldom and when they do give only 
meager explanations of their activity. 

Results from studies such as these, 
as yet at least, cannot be measured in 
any definite manner or by any yard- 
stick of values. The study is thus 
limited to the device of simple 
enumeration. Decision as to cate- 
gories was based on the experimenter’s 
judgment, subjectivity being guarded 
against by immediately and as fully as 
possible making a record of what the 
child did and said, by defining the 
categories as objectively as possible, 
and by using only the words of the sub- 
ject or activity which seemed readily 
understandable to determine in which 
category the behavior should be listed. 
A possible way to determine the 
objectivity of tabulation is to give 
the data which has been collected 
and the list of categories with the 
definitions to a group of judges, and 
ask them to tabulate it, and then 
determine the degree of agreement 
between judges. This was not done 
in this experiment because it was 
impossible to secure enough judges 
to examine all the data. However, 
one person besides the experimenter 
examined the data and disagreement 
was found only with regard to two 
categories, those being ‘“P.S.”? and 
C.8.8.” The results, _ therefore, 


merely represent general tendencies. 


SUMMARY 
1. Every situation used in the exper- 


iment called out a wide range of re- 
sponses. Every kind of response ob- 


served occurred in all the situations, 
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with the exception of responses directly 
connected with solutions and these 
were often directly determined by the 
concrete features of the particular 
situation. The responses as a whole, 
however, may be considered a function 
of the general type of situation pre- 
sented, not of the particular situation. 

2. The responses which occurred 
most frequently were those classified 
as “manipulation,” and “pointing 
and reaching.” The prominence of 
trial and error in the problem solving 
of children is indicated by this fact, 
since the categories “manipulation” 
and “pointing and reaching” include 
the reactions usually called trial and 
error. 

3. The responses which ranked next 
in frequency were those classified as 
“feelings of incapacity” and “asking 
the experimenter for help.” ‘Feelings 
of incapacity” did not always indicate 
inability to meet the situation; they 
were often followed by trial and error 
and sometimes by solution. ‘Asking 
the experimenter for help” occurred 
principally in children who responded 
actively to the problem, not in those 
who made no attempt at solution. 

4. Individuals varied in the range 
of responses elicited by the situations, 
but some type of problem solving 
behavior was elicited from every 
child, with one exception, by at least 
one of the situations. From most of 
the children, solving activities of some 
sort were elicited by all the situations. 
The percentage of cases, when all 
children and all situations are con- 
sidered, in which only “failure to 
respond” was recorded, was but 10.7. 

5. A positive relationship was found 
between chronological age and re- 
sponsiveness to a problem as such. 
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This is indicated by the fact that the 
number of problem solving reactions 
increased with age and the number of 
failures to respond decreased with age. 
“Pointing or reaching” was the only 
type of response observed which did 
not show a definite increase or de- 
crease with age. This positive re- 
lationship is also indicated by marked 
positive correlations between chrono- 
logical age and “manipulation,” “ask- 
ing experimenter for help,” and 
“other solutions suggested,” and a 
marked negative correlation between 
chronological age and “failure to 
respond.” 

6. The ability to solve problems 
was positively correlated with both 
mental and chronological age. This is 
shown by the fact that the number of 
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solutions increases with both chrono- 
logical and mental age, and that 
statistically significant positive cor- 
relations are obtained between the 
number of solutions and both chrono- 
logical and mental age. 

7. Solutions were of various sorts, 
“solutions at which the child showed 
surprise,” ‘manipulation followed by 
solution which the child knew was 
coming,” and “solutions which oc- 
curred without preliminary manipu- 
lation.” Solutions of this latter sort, 
which according to Kohler showed 
“insight”? occurred, but were rare. 
The results of this study arein harmony 
with those of Ruger and Alpert in 
indicating that understanding of the 
solution of a problem may exist in 
various degrees. 
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A Comparative Study of Visual Apprehen- 
sion in Nursery School Children and Adults’ 


CorNELIA DECamp TAYLOR 


PURPOSE OF THE PRESENT 
INVESTIGATION 


A I \HE number of separate items 
which can be apprehended and 
reported from briefly exposed 

material presented either simultane- 

ously or serially may probably best be 
termed the “span of visual apprehen- 
sion.” A compilation of experimental 
results obtained with adults as sub- 
jects shows that the span of visual 
apprehension varies with (1) the 


method of scoring employed, (2) the 
completeness of the report demanded 
from the subjects, (3) the length of the 
series exposed, (4) the duration of the 
exposure, (5) the color or brightness of 
the stimuli, (6) the amount of practice 
of the subjects, and (7) the nature of 


the stimulus material. These results 
have been summarized by Tinker (7). 

Interest in the effect of age upon 
* perceptual span and in the relation 
between this span and reading ability 
has led to a considerable amount of 
research on school children. Two 


1 From the Psychological Laboratories, 
the University of Minnesota. The writer 
wishes to acknowledge her indebtedness to 
Dr. Miles A. Tinker under whose direction 
this problem was completed and to Dr. John 
E. Anderson and Dr. Josephine C. Foster 
for permission to test children enrolled in 
the Minnesota Nursery School. 
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principal conclusions would seem to 
be substantiated by a survey of these 
investigations. First, the length of 
the span is positively correlated with 
chronological age and second, the 
length of the span is positively cor- 
related with measures of general 
mental ability. 

Since, however, none of these previ- 
ous investigations used subjects 
younger than about six years (first 
grade pupils), questions such as the 
following suggested themselves. 
What would be the perceptual span 
for a group of pre-school children? 
How would it correlate with chrono- 
logical and mental age? More funda- 
mentally, would a test of visual appre- 
hension yield reliable and valid scores 
at this early age level? 

Uniform motivation is particularly 
difficult to obtain at the pre-school 
level. Apparently, the best plan is 
to make the task as intrinsically 
interesting as possible in the hope 
that when each is doing what he 
enjoys, all are about equally moti- 
vated. In accordance with these con- 
siderations, then, toys were selected 
as being the type of stimulus material 
most likely to be of interest to young 
children, and thus likely to yield the 
truest or most valid measure of their 
perceptual span. On the further 
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assumption that different types of 
toys might possess different degrees 
of interest value and that these 
differences would be revealed in the 
responses, it was decided to use two 
main classes of stimuli, first, toy ani- 
mals, and second, toys other than 
animals. It also seemed desirable 
to test a group of adults under con- 
ditions as nearly like those used with 
children as possible and to compare 
the performances of the two groups. 
The purpose of the present investi- 
gation, then, is fourfold: (1) To deter- 
mine the span of visual apprehension 
for toys among pre-school children and 
the relation between this span and 
measures of maturity. (2) To de- 
termine the part contributed respec- 
tively by the apprehension of toy 
animals and by the apprehension of 
toys other than animals, to a total 
score in visual apprehension. (3) To 
compare the performance of a group of 
adults on this test of visual apprehen- 
sion with that of young children on 
the same test. (4) To determine the 
feasibility of testing span of visual 
apprehension at the pre-school level. 


SUBJECTS IN THE EXPERIMENT 


Two groups of subjects were used 
in the experiment. The first consisted 
of 30 children attending the nursery 
school conducted by the Institute of 
Child Welfare at the University of 
Minnesota. Fifteen of them were 
boys and fifteen were girls. Informa- 
tion was obtained from the nursery 
school records on the occupation of 
each child’s parent and the classifica- 
tion of that occupation according to 
the Barr-Taussig scale (in which Class 
I is described as ‘‘professional;’’ Class 
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II, as “managerial;’ Class III, as 
“clerical;’’ Class IV, “skilled labor;” 
Class V, “semi-skilled labor;” Class 
VI, “unskilled labor’). In compari- 
son with the distribution of occupa- 
tions in the city of Minneapolis as a 
whole, this small group contained a 
disproportionate representation from 
the upper two classes at the expense of 
the lower ones. The mean chrono- 
logical age of the 15 boys at the time 
of taking the visual apprehension 
tests was 47.0 months with a range 
from 36 to 58 months, and the mean 
age of the girls was 47.3 months with 
a range from 34 to 58 months. The 
I. Q. for each child was obtained from 
records on file in the nursery school. 
For the boys, the mean I. Q. was 114.9 
(range 84-131), and for the girls, 
112.2 (range 92-128). Assuming con- 
stancy of the I. Q., a mental age was 
determined for each child by multiply- 
ing his chronological age at the time 
of the visual apprenehsion tests by 
his I. Q. The average mental age of 
the boys was 53.4 months (range 43.9- 
69.6) and of the girls was 53.0 months 
(range 38.1-71.5). 

The second group of subjects was 
composed of 30 University of Minne- 
sota students, 15 men and 15 women. 
About one-third of them were graduate 
students in psychology. 


APPARATUS AND METHOD 


The essential feature of the exposure 
apparatus built for this experiment 
was a vertical frame supporting an 
ordinary window shade with the 
ratchet on the spring held back so that 
when a xetaining cord was released, 
the curtain would roll up revealing 
the stimulus material spread out on 
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a table top.? A low table placed to 
the left of the apparatus contained 
all the toys used as stimuli. A verti- 
cal cardboard screen, 43 feet high, 
parallel to the left side of the appara- 
tus, concealed these toys from the 
subject. The examiner stood behind 
this screen, a position from which she 
could easily operate the cord control- 
ling the curtain, transfer toys from 
the table at the left to the exposure 
table, and watch the child to see that 
he maintained continuous fixation on 
the toys for the duration of the 
exposure. 

A preliminary survey using as sub- 
jects seven of the two-year-olds in the 
nursery school yielded 11 animals and 
12 inanimate objects suitable for use 
with children. The toys were all 
of approximately the same size, about 
5 inches long, 24 inches wide, and 5 
inches high on the average. 

With children, six items (three 
animals and three inanimate objects) 
were placed on the table for each 
exposure, and in the total of 50 trials, 
each toy was used approximately the 
same number of times. Grouping of 
the toys on the exposure table varied 
from trial to trial. No object appear- 
ing in the first exposure was shown 
again before the fourth, none in the 
second appeared again before the fifth, 
ete. 

For testing adults, 14 animals and 
13 inanimate objects were added to 
those used with children. In an 


2 A complete description of the appara- 
tus, the stimulus material, and the method 
used in this investigation, as well as the 
detailed results are given in the Master’s 
thesis (1930) of the same title on file in the 
library of the University of Minnesota. 
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endeavor to have a situation which 
would be relatively as difficult for the 
older subjects as was six items per 
exposure for children, it was decided 
that for adult testing each exposure 
should contain ten objects (five ani- 
mals and five inanimate objects). 

For both groups of subjects, the 
duration of the exposure was three 
seconds. All tests were administered 
individually in a small, well lighted 
room containing nothing but the 
apparatus used in this experiment. 

Several aspects of the testing pro- 
cedure, made necessary by the extreme 
youth of the subjects, seem worthy of 
enumeration. (1) To minimize fa- 
tigue, the 50 trials given each subject 
were administered in short series of ten 
trials on each of five different days. 
(2) Each child was given an oppor- 
tunity to name all of the toys before 
each day’s testing. (3) Practice trials 
sufficient in number to teach each 
child his part of the “game” preceded 
the experimental series of exposures. 
(4) The child was allowed to play with 
a toy while the experimenter was 
changing the stimuli for the next trial. 

Adults were tested in two sittings of 
25 trials each. At the beginning of 
each day’s testing, the subjects were 
asked to name over all the objects on 
the table. They were handed written 
instructions, and had one practice 
trial before the first group of 25 trials, 
but none before the second series. 
Each trial was preceded by the usual 
signals, ““Ready!”—“Now!” and then, 
after an interval of about 1} seconds, 
the exposure was given. 

Both children and adults gave their 
responses orally and immediately at 
the conclusion of the exposure, naming 
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as many of the objects as they could 
remember. Scoring was in terms of 
the number of items correctly repro- 
duced per trial. 


DISCUSSION OF RESULTS 


Three scores were computed for 
each person tested, (1) the average 
number of items correctly named per 
trial, (2) the standard deviation of the 
50 scores on the separate trials of the 
experiment, and (3) the coefficient of 


dist 


variation These data are 


presented in table 1 which is to be read 
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is slightly under two items, and data 
presented in column 3 of the table 
shows that here, as has usually been 
found, there are wide individual differ- 
ences in perceptual span. The aver- 
age span for the group of 30 adults 
was 6.17 items, almost exactly what 
Whipple (5, 6) found for three adults 
using very similar stimulus material 
and a six second exposure. The 
average span for his group was 6.07 
items. 

The amount and the statistical 
significance of the differences between 
the averages found for children and 


TABLE 1 


The distributions and means of three visual 


apprehension scores for the various groups of 


subjects tested 





AVERAGE SPANS 


STANDARD DEVIATIONS COEFFICIENTS OF VARIA- 


BILITY 





Mean Taist. Range 


Mean| o diet. Range Mean dist, Range 





(1) (2) (3) 


(4) (5) (6) (7) (8) (9) 














15 
15 
30 
30 


1.960 
1.873 
1.919 
6.17 


1.10-3.32/0.813 
1.04-2.84/0.899 
1.04-3.32/0.856 
4. 82-7 .26|1.210 


0.165 
0.112 
0.148 
0.152 


0.500-1.150)0. 4460. 119)}0.239-0.719 
0.747-1.150/0.515)0. 110/0.363-0.718 


All children. ... 0.500-1. 150/0. 480)0. 119|0.239-0.719 


Adults. ........ 























0.87 -1.55 |0.197 bas 6 160-0. 256 





as follows: Column 1 gives the central 
tendency of the average perceptual 
spans for the various sub-groups; 
column 2 presents the standard devia- 
tion of the distribution of these 
averages for each group; and column 3 
shows the range of spans within each 
group. Similar summaries are pre- 
sented in columns 4, 5, and 6, for the 
measures of absolute variability (stand- 
ard deviations) and in columns 7, 8, 
and 9 for the scores in relative varia- 
bility (coefficients of variability). 
Inspection of table 1 reveals that 
for the group of 30 children, the 
average span of visual apprehension 


those found for adults in the three 
visual apprehension scores are pre- 
sented below: 


+4.25 


+0.372 = 


—0.272 


In length of span and in amount of 
absolute variability averages for adults 
(as is indicated by the plus sign pre- 
ceding the difference) are significantly 
larger than those for children. In 
relative variability, however, children 
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exceed adults. The _ significantly 
larger perceptual span for the adult 
group falls in line with previous work 
which has shown that the greater the 
difference in age between two groups, 
the greater will be the difference in 
span of visual apprehension favoring 
the older group. That the children 
are relatively more variable than the 
adults probably means that factors 
influencing the perceptual span on a 
test of this sort, such as interest, 
motivation, attention, and understand- 
ing of directions remain more constant 
from trial to trial in an adult than 
they do in a young child. 

A matter of paramount interest in 
the present investigation was the 
reliability with which the technique 
used was measuring the span of visual 
apprehension. Two split-scale relia- 
bility coefficients were computed for 
each group of subjects. Individual 
scores for the odd-even reliability 
coefficients were determined by total- 
ing separately the number of objects 
correctly reproduced on the 25 odd- 
numbered trials and the number 
correct on the 25 even-numbered 
trials. The second reliability coeffi- 
cient was a correlation between total 
scores on the first 25 trials and total 
scores on the second 25 trials. Both 
coefficients were raised by the Brown 
Spearman formula to show the proba- 
ble reliability of the test as a whole. 
These reliability coefficients are pre- 
sented below: 


Children (Odd-Even).r = 
Adults (Odd-Even)..r = 
Children (1st vs. 2nd 


Sm. 
.85, =. 


84, 7% =. 
Adults (1st vs. 2nd 
.70, t% =. 
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All of the coefficients are high enough 
to justify group comparisons. Relia- 
bility coefficients are higher for chil- 
dren than for adults, a function, very 
likely, of the relatively greater range 
of individual differences among the 
younger subjects. Because these indi- 
vidual differences were found to be 
highly correlated with chronological 
age, it seemed desirable to attempt to 
determine what the odd-even relia- 
bility would have been had the group 
been more homogeneous with respect 
to age. To this end, the children were 
divided into two smaller groups, the 
first a group of 16 four-year-olds whose 
actual ages ranged from 48 to 59 
months, and the second, a group of 
14 entitled “three-year-olds” whose 
actual age range was from 34 to 47 
months. The odd-even reliability co- 
efficients for these smaller groups 
appear below: 


N = 16, r = .71, rx = .83 
N = 14,r = .89, rx = .94 


These coefficients are of respectable 
magnitude, particularly in the younger 
group. The method is open to the 
criticism that we have not really 
achieved homogeneous age groups 
since one year at this level represents 
a relatively wide range of ages. The 
small number of cases, however, pro- 
hibited any further sub-division. 
Furthermore, selecting two groups 
which are at least less heterogeneous 
in age than the total group, gives us 
reliability coefficients which are some- 
what lower than the original one. We 
may, therefore, assume that our first 
reliabilities are higher than we could 
expect to obtain from testing indi- 
viduals all of the same age. 
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To measure practice effect on this 
test, the total scores computed for the 
first 25 trials and second 25 trials 
separately were averaged for the whole 
group. Results from this treatment 
of the data appear in table 2. The 
group of adults showed an improve- 
ment which amounts to a little less 
than one item in terms of average 
span. This is slightly greater than 
the amount of gain found by Whipple 
(5, 6), during a practice period of 27 
exposures for each kind of material. 
Volunteered introspections from many 
of the subjects would seem to sub- 
stantiate the same reasons for the 
improvement as those arrived at by 


TABLE 2 


Reliability of the differences between scores on 
the first and second halves of the visual 
apprehension test 





DIFFER- D 
ENCE oD 


Adults... ......|146.70|161.80)+15.10) 6.29 
Children. ......| 49.40) 45.23) —4.17) 2.71 


Ist 25 
TRIALS 


2npD 25 
TRIALS 











Whipple, i., habituation to the 
experiment, familiarity with the 
material, and development of tricks 
of grouping. 

The children, however, not only 
failed to gain but actually showed a 
lower average total score for the second 
25 trials than for the first 25. There 
are 99.7 chances in 100 that a repeti- 
tion of the experiment on a similarly 
selected group would result in a 
difference in the same direction. Ap- 
parently, boredom and fatigue are 
likely with young children to counter- 
balance any possible effect of practice 
on the later trials of a long continued 
experiment. This conclusion receives 
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some substantiation from remarks 
frequently made by the children on 
the last days of testing. 

In view of the high odd-even relia- 
bility obtained for this group of 
children, an interesting possibility 
suggested itself. If we had given just 
30 trials instead of 50, would we still 
have measured each child’s perform- 
ance reliably? The odd-even relia- 
bility coefficient based on the first 30 
trials alone was .86 + .03 and raised 
by the Brown-Spearman formula 
became .92 + .02. The correspond- 
ing coefficients based on 50 trials were 
91 and .96. If, then, we are inter- 
ested only in group comparisons, 30 
trials per child gives us a reliability 
high enough to make predictions safe. 
If, however, we are interested in 
individual prediction, we had better 
use 50 trials. But are we increasing 
reliability at the expense of validity 
in this longer experiment? Presuma- 
bly the best possible performance of 
an individual who is maximally moti- 
vated is the performance with which 
we are concerned. If interest, and 
with it motivation drops off markedly 
in the later trials of an experiment, 
then possibly an average based on 
fewer trials would be the higher, and 
thus the truer, measure of an individ- 
ual’s ability. To throw some light 
on this point, an average span for each 
child based on the first 30 trials alone 
was computed. These measures were 
averaged for the group as before. The 
mean of the new average spans was 
1.96 items as compared with the 
original mean of 1.92 items. The 
difference between these two averages 
is small and not statistically significant 
when considered in relation to its 
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standard error cS = 1.02), A corre- 


lation of +.97 between average spans 
based on 30 trials and those based on 
50 trials indicates that for locating a 
given child’s position within the group, 
either average is equally good. 

The effect of age on span of visual 
apprehension is shown by a comparison 
of the average perceptual span for the 
16 four-year-olds, 2.26 objects, with 
the average for 14 three-year-olds, 
1.54 objects. The difference here 
indicated is 4.41 times its standard 
error and is in line with results found 
by other investigators. The best pic- 
ture of the relation between maturity 
and span of visual apprehension is 
given by the correlations between 
these two variables, which appear 


below: 


Apprehension score vs. 
+ .04 

Apprehension score vs. 
+ .06 

Relative variability vs. C.A. — .69 
+ .06 

Relative variability vs. 


+ .06 


C.A. = + .84 


M.A. + .7 


M.A. 72 


The correlation between total score in 
visual apprehension and C.A. is very 
much higher than any reported pre- 
viously, even though the other investi- 
gators reporting correlations (Payne 
and Dallenbach) had a range in 
chronological age exceeding the range 
in this study. Dallenbach’s (1) cor- 
relation between visual apprehension 
and C.A. was +.19, and Payne’s (4) 
was about +.15. The correlation of 
+.72 with mental age (see above) is of 
about the same magnitude as similar 
correlations, discovered by Dallen- 
bach (2) for his group of feebleminded 
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subjects, and by Hoffman (3) for grade 
school children when familiar words 
formed the stimulus material in the 
visual apprehension experiments. 
Much lower correlations are reported 
by Hoffman when the stimulus mate- 
rial was unrelated consonants, and by 
Payne (4) for both digits and words. 

The last two correlations, between 
measures of maturity and relative 
variability, indicate that the older the 
child, or the higher his mental level, 
the more closely his scores on indi- 
vidual trials tend to cluster about his 
mean score. 

Table 3 shows that the group of 
adults correctly reproduced more of the 


TABLE 3 
The reliability of the differences between the 
number of animals and the number of 
inanimate objects correctly reproduced by 


children and adulis 





INANI- 
MATE 
OBJECT 
SCORE 


TOY 
ANI- 
MALS 

SCORE 


144.1 
56.93 


DIFFER D 


ENCE oD 











20.4 
17.9 


6.04 
6.07 





objects which were not animals than 
they did of the animals. The differ- 
ence between the averages is 6.04 times 
its sigma and is thus reliably estab- 
lished. The explanation of this 
difference would seem to lie in the fact 
that the inanimate objects selected 
as stimuli were all common and 
familiar objects. The toy animals, 
on the other hand were difficult to 
procure, and in order to obtain a list 
of 25 all of the correct size, many of 
the less familiar ones (giraffe, camel, 
etc.) had to be included. This re- 
sulted in a real difference in the speed 
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with which they could be apprehended 
and named and the corresponding 
ease with which they could be remem- 
bered. Very few of the adults tested 
failed to volunteer observations sub- 
stantiating this conclusion. The 
children, however, show a difference 
equally significant in the opposite 
direction. Clearly the same explana- 
tion cannot obtain here. As a matter 
of fact, the preliminary drill in maming 
the toys which preceded each day’s 
testing revealed that for children, as 
for adults, the inanimate objects, as 
a group, were more familiar than the 
animals. It seems to the author that 
the factor operative at the pre-school 
level was a real difference in the inter- 
est and attention value of the two 
classes of stimuli with the animals 
holding the advantage. 


SUMMARY AND CONCLUSIONS 


1. The primary aims of the present 
investigation were to determine the 
span of visual apprehension among 
pre-school children and the feasibility 
of testing this function at this early 
age, to discover the relationship be- 
tween this span and measures of 
maturity, to compare the performance 
of pre-school children with that of 
adults on the same test of visual 
apprehension, and to determine the 
relative parts contributed to a total 
score in visual apprehension by the 
reproductions of two types of stimuli. 

2. Subjects used in the experiment 
were 30 children from the nursery 
school conducted by the Institute of 
Child Welfare at the University of 
Minnesota, and 30 students in the 
University of Minnesota. 

3. The technique of the investiga- 
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tion was, briefly, to expose a number of 
toys for three seconds in an especially 
constructed exposure apparatus and 
then to ask the subjects to name all 
they could remember of what they had 
seen. 

4, Split-scale reliability coefficients 
were all high enough to justify group 
comparisons. 

5. Although performance on this 
test shows a significantly high correla- 
tion with age, reducing the age range 
to approximately one year by dividing 
the children into an older and a 
younger group, does not materially 
lower the odd-even reliability of the 
test. 

6. The average span of visual ap- 
prehension obtained for the pre-school 
children acting as subjects in this 
experiment was 1.919 items. The 
average span for the adults tested was 
6.17 items. 

7. As a group, the adults show sig- 
nificantly greater absolute variability 
about their respective averages than 
do the children, but relatively, the 
children are much more variable. 

8. Comparing total score on the first 
25 trials with total score on the last 25 
trials shows a slight practice effect for 
adults and a slight loss for children, 
the latter being due presumably to a 
decrease of interest in the “game” as 
the experiment continued. 

9. Correct reproduction of the inani- 
mate objects exposed contributes a 
significantly larger amount to the 
total scores made by adults than does 
the naming of animals. The differ- 
ence appears to be due to the greater 
familiarity of the inanimate objects. 
For the pre-school children tested, 
the difference is equally significant 
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but in the opposite direction, and is 
attributed to the greater intrinsic 
interest or attention value of the 
animals as stimuli. 

10. For children, the total score on 
this test of visual apprehension cor- 
relates + .838 + .04 with chronological 
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age and — .724 + .06 with mental age, 
thus demonstrating the predominant 
importance of maturity factors in 
determining the span of visual appre- 
hension. Relative variability on the 
test correlates —.690 +.06 with 
C.A. and —.725 +.06 with M.A. 
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The Influence of Training on the Vocal 
Ability of Three- Year-Old Children 


Artuur T. Jersiup AND Sytvia F. Brenstockx 


HE present investigation was 

designed to measure the sing- 

ing ability of three year old 
children and to study the effects of 
training on the child’s vocal perform- 
ance.* 

Initial measurements were made of 
the child’s ability to reproduce pitch, 
by the singing of separate tones, and 
his ability to reproduce intervals, by 
singing of two successive tones of dif- 
ferent pitch. Training in singing was 
given to a group of children during a 


* This study was conducted at the Child 
Development Institute, Teachers College, 
Columbia University. The authors are 
grateful to Prof. Lois H. Meek, director of 
the Institute, for aid in providing the facili- 
ties for the study, and to Prof. Esther Lloyd- 
Jones, Miss Ethel Gordon, and Mrs. Edna 
G. Krull for generous help in checking up 
the reliability of the experimental proce- 
dure. The authors are indebted to Miss E. 
Webster, director, and Mrs. A. Connors, 
teacher, of the Manhattanville Day Nurs- 
ery, to Miss Katherine Burton, director of 
the Washington Heights Day Nursery, 
to Miss Christine Heinig, head-teacher of 
the nursery school of the Child Develop- 
ment Institute, and to Miss Helen Rogers 
and Miss Ruth Swift of the Greenwich 
House nursery school for help in procuring 
the children used in the study. They are 
grateful also to Dr. Ruth Arrington for pro- 
viding supplementary records of the laugh- 
ter and overt activity of children used in 
the study. 


period of several months, while an 
equivalent control group was tested 
at the beginning and at the end of the 
investigation. A study was also made 
of the children’s spontaneous vocaliza- 
tions. 

The study offers findings with re- 
gard to such factors as the notes and 
intervals which can most readily be 
sung by three year old children, indi- 
vidual differences in performance, and 
the influence of training on vocal per- 
formance. The data furthermore pro- 


vide findings with regard to the 


relationship between children’s vocal 
abilities and such factors as ability to 
learn the melodies and words of songs, 
general intelligence, parents’ vocal 
range, and the range and content of 
spontaneous singing. 

Forty-eight children, ranging in age 
from 31 months to 48 months, were 
used in the study. Eighteen of these 
were given training twice weekly dur- 
ing a period of six months. The 18 
children completed a total of 40 prac- 
tice periods required for each child. 

The children who were not included 
in the training series were tested early 
in the study, and as many as could be 
found were retested at the end of the 
experiment. From their number 18 
were selected to serve as a control 
group. Each child in this group was 
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paired, as closely as possible, with 
respect to age and score on the initial 
tests, with a child in the group that 
completed the training series. The 
control group was used to find the 
degree to which the improvement ex- 
hibited by the trained group could be 
attributed to such factors as growth, 
increased familiarity with the proce- 
dure, more favorable rapport with 
the experimenter, and other inciden- 
tal conditions rather than to actual 
increase in vocal ability through 
training. 

References to published and un- 
published experimental work in music 
can be found in the Twenty-eighth 
Year Book of the National Society for 
the Study of Education (6). Refer- 
ences to the valuable studies con- 
ducted at the University of Iowa prior 
to and including the year 1928 are 
given by Seashore (4). The authors 
are not aware of published experimen- 
tal results dealing with the main prob- 
lems of the present study. 


PROCEDURE 
Tests of pitch and interval 


The first step in the study was to 
find the number of notes and intervals 
which each child could sing. Two 
tests, which will hereafter be desig- 
nated pitch and interval, were designed 
for this purpose. 

The initial pitch test included the 
following 11 notes, beginning with 
Middle C: 


CDEFGQaABCODEF 


The initial interval test included the 
following 12 intervals: Ascending and 
descending major and minor seconds 
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and thirds, perfect fourths and per- 
fect fifths. 

When the pitch and interval tests 
were given, the children were taken in 
groups of two or three to a separate 
room and were seated at a table, fac- 
ing the experimenter. They were en- 
couraged to play on a small xylophone 
and permitted to inspect a picture 
book. The experimenter then pro- 
ceeded with the test. A given note 
was sung by the experimenter and 
sounded on the xylophone or on a 
pitch-pipe. Two chromatic pitch- 
pipes, one in the key of F, the other 
in the key of C, were used. The chil- 
dren were asked to listen and to sing 
the same tone. Various means of en- 
couragement, including the use of the 
xylophone and the picture book, were 
employed. The children soon learned 
what was expected of them, and as 
time went on less and less extraneous 
motivation was needed. 

Each item of the test was presented 
separately, and the responses of each 
child to each item were separately re- 
corded. After a given tone had been 
presented, the experimenter kept 
sounding and singing the tone to 
prompt the child’sefforts. If the child 
succeeded in reproducing the tone no 
further response was required until the 
next item was presented. If he tried 
to sing the tone and failed to reproduce 
it correctly or if he remained silent 
the experimenter continued to sing and 
sound the tone a maximum of eight 
times. Fewer than eight presenta- 
tions were made if the child’s atten- 
tion could not be held. If the child re- 
produced the presented item he was 
credited with a ‘hit;’ if he tried but 
failed he was credited with an ‘at- 
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tempt;’ if he continued to remain si- 
lent, his record on the particular item 
was entered as ‘no attempt.’ A rec- 
ord of the number of trials preceding 
success was also made. Each of the 
11 notes of the pitch test was dealt 
with in this manner. 

The pitch test was administered 
three times, on three different occa- 
sions, during the initial test series. 
When the record was scored, one credit 
was given to each note correctly re- 
produced. If the child sang a given 
note on only one test or on all three 
occasions when the test was adminis- 
tered he received one credit. The 
maximum score on the pitch test was, 
accordingly, 11. 

The interval test was administered 
at two separate times after the com- 
pletion of the pitch tests. The gen- 
eral procedure was the same as that 
described above, save that two notes 
constituting an interval were presented 
instead of separate notes as in the 
pitch tests. Each interval correctly 
reproduced during one or both ad- 
ministrations of the test was given one 
credit in the final score. The maxi- 
mum score according to this procedure 
was 12. 


Method of evaluating the child’s 
responses 


Of first importance in a study of this 
kind is the need for a valid means of 
evaluating and scoring the responses 
made during the tests. Much time 
was spent in preliminary experimen- 
tation to find a procedure which could 
be used expeditiously in work with 
children at this early age and still yield 
reliable quantitative results. The use 
of a mechanical device, such as a 
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tonoscope, for recording the children’s 
responses was considered, but after pre- 
liminary work it was felt that the pur- 
pose of the study could be served 
without a device of this kind. The 
procedure of requiring the experimen- 
ter to judge the correctness of the 
child’s response was tried and appeared 
to give satisfactory results. Accord- 
ingly, during the course of the tests, 
the experimenter not only produced 
the notes or intervals which the child 
was required to sing, but also judged 
whether the child’s responses correctly 
reproduced the tones which were being 
presented. In forming a judgment 
the experimenter made use of the musi- 
cal instruments as a basis of compari- 
son between the child’s responses and 
the tone that was required. No re- 
sponse was recorded as correct unless 
in the opinion of the experimenter it 
was definitely in accord with the tone 
which was being sounded on the musi- 
cal instrument. A _ description of 
methods designed to ascertain the va- 
lidity of the experimenter’s judgments 
follows. 


Reliability of the judgments of the child’s 
responses 


Various means were used in check- 
ing upon the reliability of the experi- 
menter. First of all the experimenter 
was tested by another musician. The 
tester sang at random all the notes 
used on the initial tests given to the 
children, taking her note from a piano 
which was not within the hearing of 
the experimenter. She recorded each 
note thus sung. The experimenter 
in the meantime was required to iden- 
tify (by aid of a pitch-pipe) and to re- 
cord each note that was sung. After 
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the test had been completed the test- 
er’s and the experimenter’s records 
were compared, item by item. The 
experimenter made a perfect score on 
each of three repetitions of the test. 

A more significant check on the re- 
liability of the experimenter was ob- 
tained by introducing other musically 
trained examiners while tests were be- 
ing given the children during the 
course of the study. The persons thus 
brought in took independent records of 
the children’s performances while they 
were being tested by the experimenter. 

On one occasion, 20 children were 
tested in this way, both for pitch and 
interval, by the experimenter and a 
second examiner. After the comple- 
tion of the tests, the separate records 
were compared. 

The pitch test on which simultane- 
ous and independent records were 
made by the two examiners included 
the 11 notes of the initial pitch test. 
The total possible score for the 20 
children was, accordingly, 220. An 
item by item comparison of the two 
independent records showed an agree- 
ment of over 96 per cent. (The judg- 
ments were in disagreement on only 
7 notes in the total of 220.) The ex- 
perimenter credited the children with 
125 correct hits, one of which had been 
judged incorrect by the second ex- 
aminer, while the second examiner 
credited them with 130 correct hits, 
six of which had been judged incorrect 
by the experimenter. 

On the interval test, each child was 
tested by both examiners on the 12 
intervals of the initial tests. The total 
possible score for the 20 children was 
240. An item by item comparison of 
the records showed an agreement of 
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95 per cent. The two examiners agreed 
in judging 152 items as correctly re- 
produced and 75 items as incorrectly 
reproduced. The experimenter judged 
one response as correct which was 
judged incorrect by the second ex- 
aminer, while the second examiner 
gave credit to twelve responses which 
were judged incorrect by the experi- 
menter. 

It can be observed that there was 
not only a high percentage of agree- 
ment between the two examiners, but 
also that the experimenter was more 
rigid in giving credit than was the sec- 
ond examiner. 

The same method of checking upon 
the reliability of the records was used 
at a later stage of the experiment when 
still another musician was introduced 
to take simultaneous and independent 
records during the pitch tests. This 
musician, like the person previously in- 
troduced, possessed what is known as 
“absolute pitch.” On this occasion, 
10 children were tested on 11 notes, 
making a possible total score of 110. 
Once more an item by item compari- 
son of the records was made at the 
end of the tests. The agreement in 
this instance was 96 per cent. Two 
items which had been credited as coz- 
rect by the experimenter were recorded 
as failures by the second examiner, 
while on the other hand, this second 
examiner had given credit for 2 items 
which the experimenter had recorded 
as incorrect. 

The above results indicate that the 
method of testing used in this study 
showed a high degree of reliability 
within the limits of the procedure em- 
ployed. 

The reliability of the tests, as 
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measured by correlating the scores 
obtained by the experimenter on suc- 
cessive repetitions ranged from +.54 
+.11 to .95 +.02, with a median of 
.80 +. 06. 

It can be seen that the testing pro- 
cedure corresponded quite closely to 
the type of test situation which an in- 
dividual must face under practical cir- 
cumstances, in school or even in per- 
formance of a professional character. 
The method, while showing high reli- 
ability when employed by different ex- 
aminers did not, to be sure, give a meas- 
ure of the exact vibration frequency 
of the tone produced by the child. 
The measurements were, however, 
sufficiently precise to measure not only 
individual differences in general range 
of: musical performance, but also to 
test a given child’s ability to reproduce 
the various steps of the musical scale. 


Extension of the tests 


As the study progressed, it appeared 
that the children were improving to 
such a degree that it was necessary 
to extend the range of notes and in- 
tervals used in the training series and 
in periodic retests. The tests were 
therefore augmented to include the 
original 11 notes used in the pitch test, 
plus the following notes: G, A, B, be- 
low Middle C, and G, A, B, and C, two 
octaves above Middle C, making a 
total of 18 notes. The interval test 
was augmented by the following inter- 
vals: ascending and descending major 
and minor sixths and sevenths, and 
octaves, making a total of 22 intervals. 

In order to provide an instrument to 
cover these additions, a psaltery was 
added to the pitch-pipes and xylo- 
phone which had been employed from 


JERSILD: Vocal Ability of Children 


the beginning of the study. The psal- 
tery was tuned daily. 


Methods of training 


Following the initial tests the ex- 
perimental children were given fur- 
ther training in singing. Songs taken 
from music books for young children 
were used for this purpose. The chil- 
dren were brought to the music room, 
which adjoined the playground, two at 
atime. The experimenter would sing 
the songs and ask the children to join 
in the singing. As the study pro- 
gressed special attention was given to 
difficult parts of the song. 

The practice period was designed to 
last 10 minutes. Early in the study 
it was not found possible to maintain 
the interest of some of the children dur- 
ing the entire 10 minutes. Later in 
the study, when all the children were 
quite eager to partake in the music 
training, the period was sometimes ex- 
tended to 15 minutes to compensate 
the earlier loss of training time. 

At the beginning of the training se- 
ries the children were permitted to play 
on the musical instruments, to im- 
provise songs of their own or to try to 
sing the presented song more or less as 
they pleased. The experimenter again 
used various means to stimulate the 
child’s interest in singing the songs 
that were used for training purposes; 
for example, when one of the songs, a 
lullaby, was presented, the child was 
encouraged to accompany the experi- 
menter in going through the motions 
of putting a doll to sleep, while sing- 
ing; another song, which ended with 
the words ‘peek-a-boo,’ likewise could 
readily be acted out to the accom- 
paniment of singing. As time went on 
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the children responded more readily 
without such incidental promptings. 
Eight songs were used for training 
purposes. Three of these were used 
at the beginning of the training while 
the others were introduced one at a 
time as the study progressed. During 
training the policy was used to group a 
child who showed relatively much 
ability with one who was less compe- 
tent. Furthermore, the childen were 
rotated in such a way that each child 
would sing with a different child on 
different days. Each child received 
an average of two training periods a 
week. When tests were given the test 
took the place of the training period. 
If a child missed training periods by 
reason of absence from school, extra 
periods were alloted to him on his re- 
turn. In addition to the initial and 
final tests, given in the months of De- 
cember and May, respectively, the 
pitch and interval tests were intro- 
duced in January, February, and 
March. Since these tests are in them- 
selves a form of training, the periods 
devoted to them are counted as a part 
of the child’s training series. Each 
child received forty training periods, 
including the periods devoted to the 
tests preceding the final test in May. 


Spontaneous vocalizations 


A study of the children’s spontane- 
ous vocalizations constituted a sepa- 
rate project within the investigation. 

The children were observed during 
the course of their free play at the nurs- 
ery school during the morning hours. 
Each child was observed for a total 
period of 100 minutes, divided into at 
least ten intervals occurring at differ- 
ent times over a period of three to five 
months. 
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The investigator followed the child 
as closely and unobtrusively as pos- 
sible. Whenever the child sang, 
hummed, chanted, or made outcries 
which could be heard clearly and which 
could be located on the musical scale 
a record of his response was made. 
Pitch-pipes were used to identify each 
response that was recorded. So far 
as possible, the verbal content of the 
child’s responses, the activities ac- 
companying his response, and the 
rhythmic pattern of his vocalization, if 
any could be observed, were also re- 
corded. 

This procedure was calculated to 
provide a general indication of the 
character of children’s spontaneous 
singing, and of individual differences 
in the content of children’s musical 
expressions during the course of their 
undirected activities. The results 
cannot be regarded as final measures of 
the absolute frequency of the chil- 
dren’s singing, since notes sung in an 
undertone, or notes which could not 
be identified by reason of lack of clear- 
ness or distraction or other factors, 
were not entered upon the records. 


RESULTS 


In the presentation of the results, 
the topics covered in the study will be 
treated in the following order: find- 
ings on the initial pitch and interval 
tests; the influence of practice on the 
child’s performance; the extent and 
content of children’s spontaneous vo- 
calizations; correlation between vari- 
ous measurements. 

The initial pitch tests were given 
to 48 children, and the initial interval 
tests to 47, including the 18 children 
subsequently used for training. The 
age range was 31 to 48 months, aver- 
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age 39 months. The average number 
of notes sung by 48 children on the 
three trials of the pitch test, contain- 
ing the 11 notes from Middle C to F 
above C an octave higher was 4.20 
+2.44. The average number of in- 
tervals sung by 47 children on the two 
trials of the interval test containing 
the 12 intervals (ascending and de- 
scending major and minor seconds and 
thirds, perfect fourths and fifths) was 


TABLE 1 
Number of children correctly reproducing the 
various notes and intervals on the initial 
tests, based on 3 repetitions of the pitch 
test, and 2 repetitions of the interval test, 
with allowance of only one credit for each 
note or interval sung during the test series 
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4.32 +2.90. The scores for the ex- 
perimental and control children used 
in the training study are given in a 
later table. 

The results of the initial tests were 
examined to study the range of the 
children’s voices, and to find where 
their voices were placed. Table 1 
shows the number of children who were 
able to sing each of the notes and in- 
tervals covered in the tests. 
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It appears in table 1 that the notes 
from D to A inclusive were reproduced 
most readily by the children used in 
this study. It further appears that 
the closer intervals, such as the sec- 
onds and thirds, were reproduced more 
readily than the wider intervals. The 
descending intervals have a slight but 
not significant advantage over the 
corresponding ascending intervals. 

The findings with regard to pitch 
differ somewhat from usual statements 
with regard to the voices of young 
children. The claim is usually made 
that songs for young children should 
fall within the compass extending from 
E first line to E fourth space. (See 
references 2, 3, 5.) The authors have 
been unable to find published experi- 
mental data to support this claim. 
Even less definite are many writings 
on methods of teaching singing to 
young children which state that songs 
should be within the compass of the 
child’s voice, without giving definite 
indications of what this compass is. 

The findings in the present study 
indicate that the voices of young chil- 
dren are placed lower than is com- 
monly supposed. It appears that 
when actual tests were given the notes 
Middle C, and D above Middle C, 
(both of which are below the first line 
E), were sung considerably more read- 
ily than C and D an octave higher, and 
that very few children sang the E and 
F (an octave above Middle C) which 
have been regarded as well within the 
range of the child’s voice. 

It is true that the statements with 
regard to the range of children’s voices 
usually pertain to children somewhat 
older than those used in this study. It 
is possible that the voices of children 
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at the age of six favor a higher range 
than the voices of three year old chil- 
dren. But it may be said at this 
point, in anticipation of findings which 
will be presented later in greater detail, 
that it was found that following inten- 
sive training the children of this study 
scored higher on the notes below first 
line E than on the higher notes im- 
mediately beyond the fifth line F which 
has been regarded as well within the 
range of the voices of young children. 
On the final pitch tests given to the 18 
children who received training the 
number of children who sang each of 
the 18 notes of the extended test was 


as follows: 
(Middle 1st line) 


GABCODE GA 
5 15 17 18 18 18 18 18 


5th line 
B.C. Dp Boe GO. AB uC 
18 17 18 17 15 15 14 13 9 


In later tests of songs used for train- 
ing purposes, the low notes (Middle 
C, D, Eb) again scored substantially 
higher than the high notes (D, E, F 
beyond C an octave above Middle C). 
It thus appears from the initial pitch 
tests, from final pitch tests given after 
training, and from the tests employ- 
ing actual songs used in training, that 
three year old children, as represented 
in this investigation, can sing notes be- 
low the commonly accepted range 
quite as readily as some of the higher 
notes which have been regarded as 
well within the child’s capacity. 

This finding that children’s voices 
are placed lower than is commonly 
supposed was unanticipated in the 
present study. At the beginning of 
the investigation, the experimenters 
planned their approach in accordance 
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with the supposition that children’s 
voices favored the higher notes. Early 
in the training period, however, it be- 
came evident that this procedure had 
to be revised. It was often found that 
by transposing the songs used for in- 
struction a more ready response could 
be obtained. Children who had pre- 
viously remained silent made efforts 
to sing after the songs had been trans- 
posed to a lower key. Only in the 
case of the spontaneous vocalizations, 
as will be indicated at a later point, 
did the children tend to favor a higher 
range of notes. 

The results from the initial interval 
tests indicated that the closer inter- 
vals (i.e., the seconds and thirds) were 
reproduced more readily than the 
wider intervals (fourths and fifths). 
In the literature opinion is divided as 
to the relative ease with which chil- 
dren can sing narrow and wide inter- 
vals. The opinion is sometimes set 
forth, however, that the half-step or 
chromatic interval (minor second) 
should not be stressed in songs for the 
young child. Thorn (5) warns against 
the use of difficult half-steps; the New 
York Board of Education Music Syl- 
labus (3) and Damrosch, Gartlan, and 
Gehrkens (1) do not formally intro- 
duce instruction in the use of chro- 
matics in songs until the fifth year of 
school. 

In table 1 it appears that the minor 
second was sung less frequently than 
the major second and the minor and 
major thirds, and slightly more fre- 
quently than the perfect fourths and 
fifths. The score for the minor second 
interval is relatively quite high, and 
does not tend to support the view that 
the chromatic interval should not be 
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used in songs for young children. As 
will be shown in a later table dealing 
with the children’s spontaneous vocali- 
zations, the chromatic interval oc- 
curred more frequently than any other 
interval with the exception of the 
major second. On the final tests the 
minor second was sung by all of the 
18 children who had received training. 


The influence of training 


Table 2 shows a comparison between 
the experimental and the control 
groups of children used in the study of 
the effects of training. The ages for 
all children are calculated to January 
1, 1931. The initial tests of the ex- 
perimental children were completed in 
December 1930, while the controls 
were not completed until early in 1931. 
This discrepancy constitutes a defect 
in the experimental procedure which 
could not be overcome entirely. To 
compensate, in part, for this early dis- 
crepancy, the final tests of the controls 
were administered after final tests had 
been given to the experimental chil- 
dren. It can be seen further that there 
is a difference of over a month in the 
average ages of the two groups. Many 
of the children who had been given the 
initial tests and paired with children 
in the experimental groups were not 
obtainable for the final tests, due to 
contagious diseases. The use of other 
children who had been given the first 
tests and who were still available for 
the final tests increased the average age 
of the controls as indicated on the 
table. In the case of the interval tests, 
only sixteen controls were available 
for comparative purposes at the end 
of the study. 

In spite of these shortcomings, a 
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comparison of the two groups of chil- 
dren before and after training offers 
instructive findings. 

The table gives results not only on 
the initial pitch and interval tests 
(Designated Test A, containing 11 and 
12 notes and intervals respectively) 
but also on the extended tests intro- 
duced later in the study. The control 
group was measured on the extended 
scale only on the final tests. The in- 
itial pitch test was repeated three 
times, the initial interval test twice; 
the final pitch and interval tests were 
given three times to the controls, and 
twice to the experimental children. 

In scoring the tests, only one credit 
was given for each item; if the child 
sang a given note correctly only once 
during the series or sang it on each rep- 
etition of the test, he received one 
credit for his performance in either 
case. Accordingly, the maximum score 
which a child could receive on the in- 
itial and the final pitch test series was 
11, and on the interval test series, 12. 
In the case of the extended tests, the 
maximum scores obtainable were 18 
(pitch) and 22 (interval). 

It appears in table 2 that the chil- 
dren who had received training scored 
considerably higher on the final tests 
than those who were tested only at the 
beginning and end of practice. The 
difference between the averages of the 
two groups on the final tests are reli- 

: Difference _ 
able in all cases (SD. differen D. difference @28e5 
from 3.59 to 6.84). 

Tables 3 and 4 show the improve- 
ment in the average scores in pitch and 
interval during the course of training. 
Separate figures are given for the scores 
on the extended tests that were intro- 
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duced two and a half months after the 
beginning of the study, when it became 
evident that most of the children were 
approaching a maximum score on the 
tests used at the beginning of the 
study. 

The range of the scores on the initial 
pitch test represented in table 3 was 
0 to 11 (maximum score, 11) on first 
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22 respectively on first and final pre- 
sentations. 

Influence of training on variability. 
The results in tables 3 and 4 show a 
tendency toward a decline in relative 
variability as the training proceeds. 
Even in the case of the extended tests 
introduced late in the training period 
the relative variability is a good deal 


TABLE 2 


Comparison between average scores of experimental and control children on pitch and interval 
tests given at beginning and end of study of effects of training 





| EXPERIMENTAL | 


CONTROL 





Pitch (18 pairs) 





Average age in months 

Average number notes correctly sung on first test (Test 
A, 11 notes) 

Average number notes correctly sung on repetition of 
(Test A) at end of training 

Average notes correctly sung on extended test (Test B, 18 
notes) at end of training 





38.18 + 3.69 


4.22 +2.44 


10.724 .11 


15.50 + 1.78 





40.11 + 3.93 
4.22 + 2.71 
6.44 + 2.89 


8.00 + 3.22 








Average age in months 

Average number of intervals correctly sung on initial test 
(Test A, 12 intervals) 

Average number of intervals correctly sung on repetition 
of Test A at end of training period 

Average number of intervals correctly sung on extended 


38.75 + 2.94 
4.25 + 3.03 
11.50+ .67 


17.0 + 4.25 


40.56 + 3.69 


4.31 + 2.89 


8.00 + 2.50 


10.18 + 4.26 


test (Test B, 22 intervals) at end of training 











presentation, and 8 to 11 on final pre- 
sentation at the end of training. The 
range of the extended pitch test on 
first presentation was 2 to 16 (maxi- 
mum 18), and on final presentation, 11 
to 18. The scores on the interval test 
showed an initial range of 0 to 10 
(maximum, 12), and on final presenta- 
tion of the same test the range was 9 
to 12. The extended interval test 
showed a range of 6 to 21, and 9 to 


lower than on the initial more limited 
tests. 

The fact that there was a maximum 
limit to the score which a child could 
obtain on the tests, and the further 
fact that the same amount and charac- 
ter of training was given to all the chil- 
dren no doubt contributed largely to 
the apparent decline in variability as 
shown in tables 3 and 4. If the tests 
and the training had been graded ac- 
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cording to individual differences ex- 
hibited early in the study it is possible 
that the improvement shown in the 
final results would be even higher than 
the gains set forth in tables 3 and 4, 
and that individual differences would 
have remained more constant through- 
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voice range of 14 fathers and 15 moth- 
ers of the children who were given 
training were tested, the fathers sang 
an average of 20 notes, the mothers an 
average of 19. The children’s average 
score of 15.5 notes on the final test, 
as indicated in table 3, does not differ 


TABLE 3 


Average scores on pitch test when repeated at various stages of training given to 18 3-year old 
children. Separate averages given for test as extended late in training period (Test B) 





TEST A 
11 ASCENDING NOTES FROM MIDDLE C TO F 


TEST B 
18 NOTES FROM G (BELOW MIDDLE C) TO c (2 
OCTAVES ABOVE MIDDLE Cc) 





Repetitions of test Average number 
of notes correctly 


sung 


Repetitions of test Average number 
of notes correctly 


sung 





December 
January 
February 


4.22 + 2.44 
4.56 + 2.90 
6.50 + 3.33 
8.78 + 2.00 
10.72+ .11 








10.67 + 2.78 
15.50 + 1.78 








TABLE 4 
Average scores on interval test repeated at various stages of training given to 18 3-year old 


children. Separate averages given for test as extended late in training period (Test B) 





TEST A 
ASCENDING AND DESCENDING MAJOR AND MINOR 
SECONDS, MAJOR AND MINOR THIRDS, PERFECT FOURTHS 
AND FIFTHS (TOTAL: 12 INTERVALS) 


TEST B 
ASCENDING AND DESCENDING MAJOR AND MINOR 
SIXTHS, MAJOR AND MINOR SEVENTHS, AND OCTAVE, 
PLUS INTERVALS OF TEST A (TOTAL: 22) 





Average number 
of intervals 
correctly sung 


Repetitions of test 


Average number 
of intervals 
correctly sung 


Repetitions of test 





December 
January 


February 


3.94 + 3.05 
4.33 + 2.89 
8.05 + 2.61 
9.33 + 2.33 
11.56 + 1.00 








11.11 + 3.44 
17.44 + 4.00 








out the study. It is the marked im- 
provement shown by the group as a 
whole in response to a training and 
test procedure constant for all children, 
rather than the findings with regard to 
changes in variability, that are of ma- 
jor interest in the results set forth in 
tables 3 and 4. (When the complete 


widely from the average scores of the 
parents.) ' 

Children’s attitude toward prolonged 
training. A further word should be 
said with regard to the response of 
young children to training in singing 
over a long period of time. The quan- 
titative findings above have already 
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indicated that the children reacted fa- 
vorably to the procedure. During 
the course of the study evidences of 
the children’s continued interest and 
willingness to codéperate appeared in 
many forms. At nearly all times the 
children willingly left their play to go 
to the room where the music was given. 
The children were never coerced. On 
rare occasions a child would temporize 
or refuse because of the attraction of 
the play in which he was engaged, but 
the following day he would often ask to 
be allowed to come to the music room. 
All of the children on many occasions 
asked for permission to come next, 
while many of them made daily re- 
_quests for a turn at music. Sometimes 
a child would object to leaving the 
playground at the usual time prior to 
luncheon if he had not spent a period 
at music. On the whole, after the 
study was in progress, more persuasion 
was used in getting the child to leave 
the music room than in requesting 
him to come. The children tested for 
control purposes, although seen less 
frequently, showed an eager interest 
after brief acquaintanceship with the 
procedure. 

Before the study was begun, the 
question as to whether the interest 
and coéperation of children could be 
maintained seemed almost as signifi- 
cant as the question regarding the 

possibility of improving children’s per- 
formance in singing. ‘The responsive- 
ness shown both by the experimental 
and the control children used in this 
study, quite apart from any considera- 
tion of the objective findings, convince 
the investigators that much practical 
work in music can be done at this early 
age with encouraging results. 
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Tests covering songs used in training. 
Prior to the final pitch and interval 
tests, the children were tested on their 
ability to sing the songs which had 
been taught during training. The 
tests, covering the entire list of songs, 
were given twice on different days. 
Each child was tested individually. 
During the tests, the experimenter 
kept a record of the notes that were 
sung and of the child’s reproduction of 
the rhythm of the songs. A stenog- 
rapher kept a record of all the words 
spoken and sung by the experimenter 
and the children. At the conclusion of 
the tests, the records yielded a score 
for each child on reproduction of pitch, 
rhythm and words. 

When the song tests were given, the 
child was first given opportunity to sing 
the songs to the accompaniment of an 
instrument but without verbal prompt- 
ing. If he failed to proceed without 
help, or sang incorrectly, the experi- 
menter prompted a second attempt. 
The stenographer made a record, in 
proper sequence, of all that was said. 
In scoring the child’s performance two 
credits were given for each note repro- 
duced without prompting, and one 
credit was given for a correct response 
following prompting. One credit was 
given for each word and rhythmic 
phrase correctly reproduced. In scor- 
ing the song which contained serial re- 
petitions of a single word, credit was 
given to each group of identical words 
rather than to each separate word. 

When the child’s final score on these 
tests was computed, credit was given 
for each unit correctly reproduced, 
whether the item had been sung on 
both or only on one of the two presen- 


tations of the test. When the two 
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repetitions of the song tests were 
scored separately, the correlations be- 
tween the first and second presenta- 
tions were as follows: Words, r = 
83 + .05; pitch, r = .75 + .07; 
rhythm, r = .78 +.07. 

The scores obtained on the final song 
tests were as follows: Pitch, range = 
21 to 194; average = 108 + 41 (maxi- 
mum possible score, 220). Words, 
range = 24-75; average = 55, + 12. 
(maximum = 75). Rhythm, range 
= 5 to 14; average = 10.33 + 2.62 
(maximum 14). Earlier in the train- 
ing period tests were made of the chil- 
dren’s ability to reproduce the notes 
of the songs first introduced. The 
maximum score on these earlier tests 
was 10. The average score obtained 
was 4.67 +2.96. The correlation be- 
tween scores of pitch reproduction on 
these early tests and the final tests 
described above was .93 +.03. 

At the end of the study all of the 
children could sing some of the songs 
and parts of others, while some of 
them could sing all the songs with 
little prompting. In a later section 
correlations between the scores on the 
above tests and other measures are 
given, 

Examination of the results of the 
final song tests revealed that the low 
notes of the songs were reproduced 
more readily than the high notes. It 
appeared that the notes Middle C, D 
and Eb (which are supposed io fall 
below the child’s favored range) scored 
respectively 58, 80 and 67 per cent., 
while the higher notes D (above C an 
octave higher than Middle C), E and 
F (which have been regarded as well 
within the child’s range) scored re- 
spectively only 50, 33, and 25 per cent. 
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Spontaneous vocalizations 


Records of the children’s vocaliza- 
tions while at play, obtained during a 
total of 100 minutes of observation of 
each child, with the procedure of re- 
cording only those notes which could 
definitely be verified by means of pitch- 
pipes when the child sang, hummed, 
chanted, etc., provided a variety of . 
findings. 

The data were first examined to 
find the number of notes, intervals, 
and rhythmic measures recorded for 
each child. The notes sung by the 
child were scored by allowing one 
credit for each separate note recorded. 

The records also provided a measure 
of the range of notes covered by each 
child in his spontaneous singing. This 
score represents the total number of 
different notes that were recorded for 
each child rather than the number of 
times each note was sung. A similar 
score was obtained for the number of 
different intervals which occurred in 
the child’s vocalizations. 

The data were further examined to 
find the number of times series of three 
notes or more which could definitely 
be placed within either the diatonic or 
chromatic scale occurred in the record 
of each child. Each record was also 
scored on the number of complete 
rhythmic measures which the observer 
had been able to identify clearly while 
the observations were being made. 

Table 5 shows the averages and the 
average deviations of the various scores 
derived from the records of the spon- 
taneous vocalizations of the eighteen 
children. Averages are given first for 
all vocalizations, including singing, 
calls, outcries, etc., while the second 
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caption covers only the notes definitely 
sung, hummed or chanted. Averages 
are given for the total number of series 
of notes sung within a scale and sepa- 
rate averages are shown for the num- 
ber of such series that could definitely 
be placed in the diatonic and chromatic 
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ments represented in the table are 
correlated with the results of tests and 
other measures. 

The figures showing the frequency 
of the diatonic and chromatic scales 
are small, but they are of interest in 
showing that children at this age do 


TABLE 5 


Averages of the total number of notes and intervals, of the number of different notes and different 
intervals, rhythmic measures, and number of series of notes sung within a scale, occurring in 
records obtained during 100 minutes of observation of the spontaneous vocalizations of 18 


children 
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TABLE 6 


Number of times each note occurred in the spontaneous singing, humming, chanting and 
outcries of 18 children during 100 minutes of observation devoted to each child 
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Chanting and hum- 
i 0 
Outcries (including 

talking, calls, etc.). 
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scales. Series which might be re- 
garded as either diatonic or chromatic 
were not included in the latter aver- 
ages. 

The results presented in Table 5 
show wide individuai differences. In 
a later section, the various measure- 


not limit their singing entirely to iso- 
lated notes. 

. Table 6 shows the frequency with 
which each of the various notes oc- 
curred in the spontaneous singing, 
humming, and chanting and in the 
children’s calls, outcries, etc. Sepa- 
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rate figures are given for frequencies in 
each category, as well as for all vocali- 
zations combined. 

The results shown in table 6 indicate 
that the spontaneous vocalizations 
tended to favor a relatively high range 
of notes. The notes from F above 
Middle C to D occurred most fre- 
quently. Itis interesting to note that 
the children favored lower notes during 
the tests, as shown in previous sec- 
tions, and somewhat higher notes 
when singing during their free play. 
It appears in table 6 that the higher 
notes occur relatively more frequently 


TABLE 7 
Frequency of occurrence of each interval 
recorded during observations of the chil- 
dren’s spontaneous vocalizations 
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in the children’s calls, outcries, etc., 
than in their actual singing. 

Table 7 shows the number of times 
each interval occurred in the records 
of spontaneous vocalizations. 

The results presented in table 7 in- 
dicate that the descending intervals oc- 
curred more frequently than the as- 
cending intervals in the children’s 
spontaneous vocalizations. The closer 
intervals (seconds and thirds) scored 
considerably higher than the wider in- 
tervals (perfect fourths and fifths). 
This is in accord with the results ob- 
tained on the tests administered dur- 
ing the study. 
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It further appears in table 7 that the 
ascending and descending minor sec- 
ond or chromatic interval occurred 
more frequently than any other inter- 
val save the major second. 

Reference to table 5 will show that 
series of three or more notes within 
the chromatic scale occurred almost as 
frequently as series within the dia- 
tonic scale. The results of the initial 
and final tests likewise showed a sub- 
stantial score for the chromatic inter- 
val. It appears from all phases of the 
present study that chromatic intervals 
are not beyond the singing ability of 
the three- year old child. 


Intercorrelations in the musical behavior 
of young children 


Table 8 shows the coefficients of cor- 
relation between various measures and 
scores obtained for the 18 children who 
were given training. All coefficients 
were obtained by the rank-difference 
method. The P.E.’s which are not 
entered, range from +.16 with a co- 
efficient of zero, to +.02 with a co- 
efficient of .95. To derive the meas- 
ures represented by the caption 
“scores on pitch test (and interval test) 
after training,” the children were 
ranked according to priority in obtain- 
ing a perfect score on the pitch and 
interval tests during the training series. 

Most of the coefficients appearing in 
table 8 are positive. Intelligence quo- 
tient shows the lowest median coeffi- 
cient, while the highest median coeffi- 
cients are shown for total number of 
notes sung in spontaneous singing, and 
scores on rhythm and melody in the 
final song tests. 

Correlation between spontaneous sing- 
ing, humming and chanting frequencies 
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and frequency of laughter and overt ac-  dren’s laughter and general overt ac- 
tivity. From other studies made with tivity. The correlation between the 


TABLE 8 
Intercorrelations between various measurements obtained in the study of 18 trained children 
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the same children, ratings were ob- children’s laughter frequencies and 
tained on the frequency of the chil- their scores on total number of notes 
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sung, hummed or chanted during ob- 
servations of spontaneous vocaliza- 
tions was — ‘23; between the latter 
measure and overt activity scores, the 
correlation was +.01. It would ap- 
pear from these figures that there was 
no significant relationship between the 
children’s tendency to sing, insofar as 
this tendency was measured in this 
study, and their tendency to laugh or 
to engage in physical activity. 

Correlations between parents and chil- 
dren. As a further project, the voices 
of the children’s parents were tested. 
To obtain a rating for the lower and 
upper ranges of the parents’ voices, a 
numerical score was assigned to each 
note of the range covered by all the 
subjects. The highest and the lowest 
notes were given, respectively high 
and low numerical values. In rating 
the performance on the low notes, the 
highest rank was given to the lowest 
value. The correlations between the 
parents and children follow. Fifteen 
mothers, fourteen fathers, and thir- 
teen cases of both parents combined, 
are represented in the correlations. 


Child’s score on first pitch test and voice 
range of mother = — .24; father +.21; 
both — .09 

Child’s score on final pitch test and voice 
range of mother = +.12; father +.20; 
both +.29 

Child’s ability to sing low notes on final 
test and lower range of voice of mother 
= +.17; father + .59; both + .62 

Child’s ability to sing high notes on final 
test and higher range of voice of mother 
= +.29; father +.17; both +.31 


The coefficients above indicate that 
the child’s final performance correlated 
higher with parents’ range than did the 


child’s first pitch score, and that chil- 
dren tend to resemble their parents 
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more in the place of their voices 
(whether high or low) than in the 
range of their voices. The reliability 
of the coefficients is too low, how- 
ever, to support any conclusions. 


Sex differences 


The data were examined for evi- 
dences of sex differences. In the pitch 
tests, the boys scored consistently 
higher than the girls in number of 
notes sung and also in ability to sing 
both high and low notes. Since the 
number of cases was limited, this dif- 
ference in favor of the boys may be 
due merely to chance. 


MISCELLANEOUS OBSERVATIONS AND 
DISCUSSION OF RESULTS 


During the course of the study, cer- 
tain general impressions were obtained, 
apart from the objective data. Some 
of these may be stated briefly. 

It was frequently observed, in the 
case of children whose voices were 
placed low, that to concentrate the 
training on notes considerably higher 
than the child’s favored range, and 
then to proceed downward toward this 
range, was more effective than to con- 
centrate first upon notes immediately 
above the favored range. 

It would appear that the general 
muscular adaptation involved in sing- 
ing high notes differs somewhat from 
the motor pattern involved in the sing- 
ing of low notes. The progression 
from low to high notes does not seem 
to constitute solely a continuous func- 
tion but appears to entail also a shift 
in emphasis from one muscle group 
to another. In the present study it 
was often found that a child would be 
able during a period of time to sing 
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some high notes and some low notes 
without being able to reproduce the 
notes in between. In a case such as 
this, it appeared that the child had 
‘found his voice’ for high tones with- 
out, as yet, being able to make the 
transition between the muscle groups 
respectively involved in the singing of 
high and low tones. 

This statement is offered only as a 
hypothesis. The authors do not have 
the empirical data necessary for a 
thorough treatment of the problem. 
It is possible that the phenomenon 
mentioned above may have some rela- 
tionship with auditory tonal gaps. 

Among factors responsible for poor 
performance in response to musical 
training, the authors would list the fol- 
lowing: Inability to make the transi- 
tion between high and low notes, as 
suggested above; presentation of songs 
pitched too high or too low for the par- 
ticular child; the tendency of some 
children to sing too loudly; the failure 
of some children to give undivided at- 
tention to the particular items that are 
presented. 

In the spontaneous singing, snatches 
of songs taught at home or at school 
occurred far less frequently than the 
children’s own improvisations. The 
child’s song sometimes related to his 
current activity or play, and some- 
times contained only repetitions of 
syllables or words. These songs rarely 
exceeded three measures, but frequent 
repetitions of the same tune, some- 
times with slight variations, were rela- 
tively common. The observer ob- 
tained the impression that the children 
sang somewhat more when alone than 
when in the company of several other 
children. The activities involving 
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rhythmic motion, such as swinging and 
teetering, tended to be accompanied by 
singing more than other types of ac- 
tivity. 

There was no evidence that the chil- 
dren strained their voices in singing the 
extended range of notes introduced 
into tks training period. The practice 
of encouraging the children to sing 
softly no doubt helped to insure 
against strain. 

The procedure of pairing a relatively 
good singer with a less capable child 
during the training periods seemed to 
be an effective device. Rivalry was 
not encouraged, nor did evidences of 
rivalry appear, but the presence of a 
child who would sing seemed to pro- 
mote the efforts of other children. 


SUMMARY AND CONCLUSIONS 


The present study was undertaken 
to investigate the ability of three year 
old children to reproduce pitch and in- 
terval, to study the effects of training 
on this ability, to investigate the con- 
tent of children’s spontaneous singing, 
and to find relationships between vari- 
ous phases of the child’s singing be- 
havior. 

Initial tests were given to 48 chil- 
dren. Training was administered to 
18 children over a period of 6 months. 
Each child received 40 ten-minute per- 
iods. Tests were given at intervals 
during the course of training. At the 
end of the study the trained children 
were tested and compared with chil- 
dren of a control group who had re- 
ceived no formal training since the 
administration of the initial tests. 
As a further project, each child who 
received practice was observed for a 
period of 100 minutes during his free 
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play, and records were made of his 
spontaneous vocalizations. 

The results show that on the initial 
tests the ascending notes from middle 
C to A were sung most readily by the 
children. This result indicates that 
children’s voices are placed somewhat 
lower than has commonly been stated 
in previous writings. In subsequent 
song tests, and final pitch tests the 
same tendency to favor lower notes 
appeared. 

The results further indicate that the 
narrow intervals (seconds and thirds) 
are sung more readily than the wider 
intervals (perfect fourths and fifths): 
that descending intervals tend to be 
sung more readily than ascending in- 
tervals; that the half-step or chromatic 
interval was sung quite readily in the 
test situation, and occurred frequently 
in the children’s spontaneous vocali- 
zations. This latter finding does not 
support the view that the chromatic 
interval should be excluded from songs 
for young children. 

Training caused a marked improve- 
ment in the performance of the chil- 
dren. While the training was in prog- 
ress it was found necessary to extend 
the range of notes and intervals cov- 
ered in the study. On the three repe- 
titions of the initial tests, 11 notes, ex- 
tending from middle C to F above C 
an octave higher, were employed. The 
average number of notes initially sung 
by the 18 subjects used for training was 
4,22 +2.44; at the end of training the 
average score on this test was 10.72 
+.11. 

The augmented test included the 11 
notes of the initial test with four addi- 
tional higher notes and three addi- 


JERSILD: Vocal Ability of Children 


tional lower notes, extending from G 
below middle C to C two octaves above 
middle C. The score on this extended 
test, when first introduced after two 
and a half months of training was 
10.67 +2.76; the final score on this 
test was 15.50 +1.78. 

On the interval tests the results 
showed a similarly high improvement 
with training. In the two repetitions 
of the initial test, which included 
twelve intervals (ascending and de- 
scending major and minor seconds and 
thirds, perfect fourths and fifths) the 
children sang an average of 3.94 +3.05 
intervals, as compared with a final 
average score of 11.56 +1.00 after 
training. An extended test, contain- 
ing a total of 22 intervals, (including, 
in addition to the above, the ascending 
and descending major and minor sixths 
and sevenths, and octaves) was intro- 
duced after two and a half months of 
training. The average score on this 
test, when first introduced was 11.11 
+ 3.44; on the final test after further 
training, the average score was 17.44 
+4.00. 

The scores of the practiced children 
were reliably higher than the final 
scores of the control group. 

The records of the children’s spon- 
taneous vocalizations showed wide in- 
dividual differences. The chromatic 
interval occurred relatively quite fre- 
quently. The children tended to fa- 
vor higher notes in their spontaneous 
vocalizations than in their perform- 
ance in tests of songs and of pitch. 
Relative frequency of spontaneous 
singing, humming and _ chanting 
showed a negligible correlation with 
frequency of overt activity and of 
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laughter, (records of which were made 
available through the courtesy of an- 
other investigator). 

It appeared that children’s voices 
tend to resemble the general trend of 
the parent’s voice (whether high or 
low) more than their total pitch 
range. The reliability of all corre- 
lations between parents and children 
was low. 

Apart from objective indications of 
the children’s codperation, as shown by 
progressive improvement in the test 
scores, the children gave evidence of 
interest in the musical exercises. 

The results of the study s a whole 
indicate not only that children’s per- 
formance in reproducing pitch and in- 
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terval can be much improved through 
training, but also that children at this 
early age are more versatile in the use 
of their voices than has customarily 
been stated. 

It is not claimed that the marked 
improvement shown by the children 
represents a change in capacity or an 
alteration of native ability. The pres- 
ent study does not answer the question 
as to whether the child who receives 
training in singing at an early age will 
have a permanent advantage over the 
child whose voice is not trained until 
later. The findings do suggest, how- 
ever, that training at the age of three 
can be undertaken with promising re- 
sults. 
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Treatment and Progress of an Extreme Case 
of Functional Anorexia 


HELEN STREIT 


‘6 HAVE seen children whom I am 
I sure would have died from 
starvation if they had not been 

fed by insistent perseverance,” says 
Dr. I. A. Abt (1). Such a child was 
X, according to the statement of her 
father, who was himself a pediatrician. 
X was 2 years and 8 months old 
when we first met her. She not only 
lived in spite of herself but, due to her 
mother’s determination and persist- 
ence, was kept up to weight and in 
good physical condition. Her health 
record was excellent. She had never 


been sick and was not even susceptible 


to colds. Her aversion to food started 
when she was 24 months old and was 
so intense at that time that it took the 
mother two hours to feed her one meal. 
The milk was given to her from a 
spoon, as that was the only way she 
could be made to take it. She was fed 
6 times a day, and it was only the 
extraordinary patience of the mother 
that prevented the necessity of resort- 
ing to tube or rectal feeding. 

As X grew older the diet was gradu- 
ally increased but since she would take 
only liquid or semi-liquid food, it was 
necessary to rub all food stuffs through 
a sieve and then reduce them to the 
“right”’ consistency with milk. Be- 
cause of her great resistence, it was 
considered that the most practical 


way of getting her to take a well 
balanced diet was to mix all of the food 
together. Milk and cereal formed the 
basis of the mixture. To it was added 
egg, vegetables, fruit or meat accord- 
ing to the time of day. The food was 
well salted but never sugared as she 
had a particular aversion to sweets. 
Liver extract and aciterol were given 
separately. In spite of the taste of 
the former, it was the one item, with 
the exception of salt, that was taken 
willingly and even requested. 

X was fed from a spoon, sitting on 
her mother’s lap in a half reclining 
position. She ate in the kitchen. A 
large rubber apron was tied around 
her and the food was carefully dropped 
on the right side of her mouth, in the 
check cavity and not on the tongue. 
Any change in this procedure caused 
added resistance and increased the 
tendency to gag and vomit. In spite 
of the attention given to these details, 
gagging, belching, and coughing ac- 
companied each meal and not infre- 
quently the regurgitation of food 
occurred. On these occasions the 
rubber apron was removed, a new one 
substituted, and a second meal begun. 
The procedure was carried out very 
calmly in a matter of fact manner and 
was never varied. If necessary a third 
meal was given. The mother did 


292 





Streit: Functional Anorexia 


most of the feeding but sometimes X 
was left in charge of an aunt or the 
maid. 

Many devices were used to make the 
situation as pleasant as_ possible. 
Simple games, by way of distraction, 
were played. An older brother or the 
maid entertained X in various ways; 
or if she complained of being too hot, 
fanned her. The frequent belching 
was relieved by rubbing her stomach 
and patting her on the back. When 
these methods failed, more drastic 
ones were used. The mother would 
threaten to leave her to be fed by the 
maid, perhaps, or deprive her of 
accompanying her father on his morn- 
ing calls, if the trouble happened at 
breakfast time. When the child 
offered more resistance and threatened 
to vomit, one or two sharp slaps were 
administered and the vomiting was 
actually controlled to a certain extent 
in this manner. The child might cry 
slightly because of the spanking, but 
it was never the occasion for a big 
scene. Kisses and caresses were be- 
stowed upon her when she was in a 
non-resisting mood by both father— 
when he was present—and mother. 
By the time she was 2 years and 8 
months old the number of feedings had 
been reduced to 4 a day and the 
average feeding time was around 
twenty minutes. 

Attempts had been made by the 
parents to establish more normal feed- 
ing habits. The good example set by 
them and by her brother was ineffec- 
tive except that it gave her a good 
conversational attitude towards food 
in general. She would talk about the 
good food others were eating; she 
would sit at the table and watch them 
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eat, or go to parties where the children 
were served the most delectable sweets 
and never be tempted to put any of 
them in her mouth. She could be 
neither forced nor bribed into tasting 
them. Leaving food lying around in 
convenient places for her to take as 
she would offered no solution to the 
problem, for she never put anything 
into her mouth. Even as a baby she 
was unusual in that respect, the 
parents insist. She did not even 
compensate by sucking her thumb or 
fingers. At one time starvation was 
resorted to. Since X showed no sign 
of coming to terms during the 2 days 
when no food was proffered, this 
method was discontinued and the old 
regime reinstated. 

In spite of the struggle over meals 
X was a bright, attractive, codperative 
child with very pleasant and agreeable 
ways. She was not given any of the 
standard mental tests, but observation 
of her general behavior indicated that 
she was well above the average 
mentally. 

She had been throughly examined 
and no trace of a physical difficulty 
could be found. X-rays had shown 
that the stomach was of normal size. 
Though somewhat slow in emptying 
the motility of the stomach was still 
normal. No attempt had been made 
to discover if there was a deficiency in 
the secretion of gastric juices but it 
was the father’s opinion that that 
was not a factor. As her vomiting 
was not accompanied by fever and 
as the enlarged abdomen and lordosis 
which are external signs of ptosis and 
angulation of the intestinal tube were 
not present, it was believed those 
conditions were not complicating fac- 
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tors. Her general condition and lack 
of constipation argued against gastro- 
intestinal atony. She was, further- 
more, not an over active, high strung, 
underweight, underheight child; and 
although she was pale, her muscles 
were not soft and flabby. At 2 years 
114 months her height was 363 inches 
and her weight 283 pounds (nude) 
making her 13 pounds underweight for 
her age and height and giving her an 
average height for her age according 
to the Woodbury tables. Her ade- 
noids and tonsils were not enlarged or 
diseased. Her daily routine was par- 
ticularly well planned; her diet was 
well balanced; and she had plenty of 
outdoor play, plenty of sleep, and 
was not over stimulated. 

The possibility of a very slight 
throat paralysis was considered but 
certain facts seemed to indicate that 
the throat muscles were functioning 
normally. In the first place she had 
nursed normally for 2} months. In 
the second place she could eat sitting 
up if she wished to do so, and she did 
drink water standing up, taking several 
consecutive swallows without pausing 
between. In the third place she 
showed no lack of skill in pronouncing 
throat sounds, such as hard “g” and 
“k,”” Furthermore she had swallowed 
solids on rare occasions. One time 
it was a piece of ice; another time, a 
lemon drop; and still another time, it 
was 6 beans, which she swallowed one 
right after the other. Although she 
never repeated these actions, the fact 
that she had swallowed solids without 
difficulty seemed proof that the throat 
muscles were at least fairly normal. 

As the vomiting could be controlled 
so readily by spanking it did not seem 
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that it could be a symptom of some 
internal disturbance. The belching 
could be accounted for by the amount 
of air swallowed and this in turn be- 
cause of the manner in which the child 
was fed. The gagging was probably 
the result of inadequacies in her swal- 
lowing techniques. Lack of taste 
discrimination and perhaps defective 
olfaction were considered as possible 
complications but the development, 
under our care, of discriminatory 
reactions with respect to foods make 
any sensory lacks seem improbable. 

A study of the environment offers 
more convincing cues with respect to 
possible contributing causes. X 
nursed normally the first 2} months 
of her life. Then because of illness 
of the mother she was taken off the 
breast and changed to bottle feeding. 
The transition was not abrupt, as she 
had been getting 2 ounces of skimmed 
cow’s milk since the first few days of 
her life, the mother’s milk being too 
rich. She was not, therefore, being 
changed to a new type of feeding with- 
out some preliminary experience with 
it. She objected, however, to taking 
more than 2 ounces from the bottle. 
Insistence on the part of the mother 
seemingly caused X to take less at 
each successive feeding until she re- 
fused to take any. Her refusal per- 
sisted and the condition became 
alarming in the eyes of the parents. 
She appeared to have gone on a hunger 
strike that was to last indefinitely. A 
way was found to make her take 
nourishment without resorting to tube 
or rectal feeding, ie. milk was forced 
into her mouth with a spoon. 

Although the parents report that 


she was not sick at this time it is 
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possible that she contracted a slight 
infection from her mother who took 
care of her in spite of the latter’s 
illness. The mother had been under a 
very severe strain all during her 
pregnancy because of the sickness of 
her 9 year old son. He suddenly 
began having convulsions, with paral- 
ysis as an accompanying symptom. 
Although he was taken to several of 
the larger clinics on the Atlantic coast, 
the nature of his illness was never 
determined. It was diagnosed as 
infantile paralysis, spinal meningitis 
and encephalitis by some doctors while 
others frankly admitted they could 
not classify it. None of them could 
suggest treatment for the case and 
none offered any hope for his recovery. 
Except for the time when he was 
visiting the clinics with the father, he 
was under the complete care of his 
mother who could do little other than 
watch him grow worse from day to 


day. Thirteen days before X was 
born his condition was so serious that 
his death seemed only a question of 


hours. He was completely paralyzed 
except in one hand which he could 
move only slightly. His worst con- 
vulsions came that day. It was the 
crisis of his illness. He began then 
to improve slowly and within a year 
had recovered completely. The exact 
nature of the illness was never de- 
termined. There is no history of 
convulsions in either family. 

To the strain and anxiety then of 
caring for this very sick son was added 
for the mother the illness and death 
of her father. The latter occurred 
a few weeks after X was born. 

X was a full term baby. Her birth 
was normal. Her birth weight was 7 
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pounds. A picture taken when she 
was only 13 days old shows that she 
was a particularly wide awake and alert 
infant. 

The mother seems to have suffered 
from no physical ills following the 
child’s birth. Then she contracted 
what was called influenza. Although 
she had a fever of 100 for over a 
month she did not go to bed during that 
time. Since she nursed the baby for 
a week after the fever began it is possi- 
ble that X was also infected and had 
the edge removed from her hunger. 
But we can only speculate on this part 
of the case. 

It is significant that at the onset 
of X’s feeding difficulties the mother 
was ill and apprehensive. It is proba- 
ble that she became alarmed when the 
child resisted foods—a reaction due 
perhaps to a change in feeding methods 
—and insisted and forced before she 
had given the child adequate time in 
which to make her new adjustment. 
The mother’s apprehension may have 
been intensified by her access to medi- 
cal literature where she found reference 
to children whose loss of appetite 
and lack of hunger became so serious 
that they were saved only by tube or 
rectal feeding. 

At any rate once the child’s resist- 
ance to food was started there were a 
number of probable factors that en- 
tered in to complicate the case and 
favor the continuance of the habit. 
The mother seemingly is very jealous 
of the child’s affections. Remarks 
indicate that she liked her important 
téle as the only one who could be 
depended upon to make X eat con- 
sistently. She appears to have en- 
joyed being a slave to the child and 
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hated to see her grow up. Then, too, 
she seems to have had some concern 
for her young husband’s reputation—it 
would never do for a pediatrician to 
have an underweight child. Because 
she felt that X must be kept up to 
weight above all things, she apparently 
could not bear to see her lose the 
weight which a starvation regime 
would have temporarily provoked. 
The attempted cures failed probably 
for thet reason and also because she 
was convinced in advance that they 
would fail. 

As for X there was no chance for 
her to develop a healthy appetite and 
pleasant experience with food as long 
as she was fed an ill-tasting and 
monotonous diet in a manner that 
justified her vomiting and belching, 
thus giving the scene even more 
unpleasant associations. That there 
would be trouble, furthermore, was 
suggested by the rubber apron and the 


special time and place of feeding her. 
Besides, the child now had a reputa- 


tion to live up to. She doubtless 
knew she was different from other 
people and probably felt she had to 
remain different for the prestige it 
gave her. Lastly, contact with the 
solid foods had been so long delayed 
she must have felt painfully inade- 
quate in the manipulation of them at 
three years. At any rate it was clear 
she did not know how to swallow them. 

Believing, then, X’s difficulties were 
largely functional, we took her as our 
problem and proceeded on that hypo- 
thesis. She was separated completely 
from her family and was put in a new 
situation with new people who had 
new attitudes. As these people were 
unfamiliar with her past life, they 
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would not serve as a constant reminder 
of her former behavior. 

The transition to her new mode of 
life was made somewhat easier for her 
by a visit to the home by the author 
who was to have her in charge. The 
home situation was studied, as were 
also the methods used and routines 
followed; and X’s acquaintance was 
made. A picture book of the Nursery 
School where X was to spend most of 
her time with 20 other children ranging 
in age from two to five years, was 
shown to her and left for her to look 
at before she came. She was told 
she was coming to the school and 
knew she would see and be with the 
author. She was not told, however, 
that she would be separated from her 
mother as we wanted the separation 
tu be casual and undemonstrative. X 
left her mother right after she had 
breakfasted with the latter in the old 
way. The separation was very casual, 
the mother slipping away in her car 
while the child went in to see the 
Nursery School. Some of the child’s 
most intimate possessions were 
brought into her new environment. 
Her own mattress, pillow and bed 
clothing, as well as a particular book 
with which she slept insured greater 
peace of mind to her than would have 
a totally strange bed. Some of her 
old toys were also transported to her 
new home and, of course, a trunk of 
clothes. 

X’s adjustment to the new situation 
and people was very rapid. There was 
no great emotional disturbance over 
the change and while she cried for 
her mother at nap time the first day, 
and again the next day, on the whole 
she took the transplantation very 
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calmly and naturally. She referred 
to her mother a number of times the 
first week, but with the exception of 
the first few times, without crying. 
Then subject of mother and home was 
dropped until the fifth week, when 
she began referring to home in a casual 
way. One time she was scribbling 
with a pencil and announced she was 
writing to her mother. Another time 
she saw a horse go down the street and 
she invited the author to ‘come see my 
pony at home.” At this time she 
began comparing the author’s ways 
with her mother’s ways of doing 
things, telling the former she was not 
making the bed correctly or helping her 
to dress in the same way her mother 
did. 

Although we expected to adapt our 
methods of procedure to the child’s 
response, there were a few principles 
we set up at the beginning. She was 
to be given the same food as the other 
children, a sitting position was to be 
assumed and she was to feed herself. 
She was also to eat at regular times and 
was not to play with the food. Her 
interest was stimulated by having her 
set the tables, help in the kitchen, and 
serve the other children as well as 
herself. Doing this work was treated 
as a privilege and not a task. She was 
encouraged to be independent in other 
situations and was taught how to bathe 
herself, comb her hair, dress herself, 
etc. We depended upon the new 
environment to dim the old associa- 
tions and above all we depended upon 
the examples of the other children to 
influence the child’s mode of response 
in the new situation. 

She conformed very well to our 
plans and showed herself amenable 
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to the right sort of suggestion. She 
always came into the dining room and 
sat down at the table willingly, very 
often leading the procession. The 
first morning when tomato juice was 
served was the only exception. She 
watched the children from near by and 
when asked if she would like to sit 
down with them said, “No.” Her 
refusal was accepted without com- 
ment. At dinner time and thereafter 
she took her seat without objecting. 
As the food she was served was en- 
tirely different from what she was 
accustomed to getting, she had no 
undesirable attitudes built about it. 

At the beginning we tried to appear 
disinterested in her eating but more 
concerned with her conformance to 
routine. By assuming this attitude 
we were able to direct the conflicts 
that were sure to arise over our newly 
imposed authority to routine matters 
and establish ourselves there, keeping 
the meal time situation free from 
unpleasant scenes. Later we used the 
drinking situation to further establish 
our dominance. This plan worked 
very well and while X had several 
slight tantrums and two long ones 
during her stay with us, she never had 
one at a meal. Her resistance at that 
time took the form of dawdling and 
playing with the food. One day we 
found it necessary to keep her at the 
breakfast table all morning because 
she wouldn’t drink her milk. The 
next morning it took her 2} hours to 
finish and after that she drank it in 
fairly good time. 

It was not until the middle of the 
fifth week, after she had learned to 
swallow solids and we were insisting 
that she make use of her newly ac- 
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quired technique, that she put up a 
defense reaction other than dawdling 
while eating. She had learned that 
tantrums availed her nothing. (These 
tantrums were a response to the new 
situations. She did not have them at 
home.) She had also learned that 
sitting a long time over her food was 
ineffective. But she could still belch 
and gag and she thought she could 
still vomit. Although belching and 
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gagging had disappeared entirely by 
the fourth week they reappeared the 
fifth week. She could now swallow 
all of the food that she put in her 
mouth but the effort required was still 


great. It was easier to spit out a bite 
from time to time than swallow all. 
In order to stop this tendency we be- 
gan giving her extra servings in very 
small amounts—about } teaspoon— 
and telling her that she could not have 
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her dessert unless she swallowed one 
bite of the food objected to. She 
resented the method and responded by 
attempting to vomit—the first and 
only time the effort was made. Her 
surprise at learning that she could no 
longer vomit at will was almost as 
great as finding herself sent to bed 
without finishing her supper, for we 
never hesitated to deprive her of food 
when we thought her behavior called 
for that kind of disciplining. 

Her progress was very rapid, and 
considered in periods of weeks, was 
steadily upward. (See figure 1.) She 
varied, however, considerably from 
day to day, as can be seen from table 1. 
The variation depended directly 
on the food served for the day, as she 
showed food preferences from the very 
beginning. The consistency of the 
food and the ease with which it could 
be swallowed influenced her choice to 
some extent but not entirely. Some 
of the foods she preferred most were 
the hardest for her to swallow, bacon 
and raw vegetables being the best 
examples. 

Her smallest gain was during the 
fourth week, or immediately after 
she had discovered that she could 
initiate the swallowing movement and 
could make the food go down volun- 
tarily. Up to this time she had 
stored the food in her cheek and all 
but that which was very soft or which 
melted in her mouth like graham 
crackers,—which she was able to 
swallow from the very beginning—was 
taken out again to make room for 
more. It was while she was eating 
fruit cut at dinner the eighteenth day 
that she realized what was happening 
in her throat when she made the 
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coarser food go down. For the first 
time she realized what we meant when 
we told her to swallow her food. The 
days that followed were spent in 
trying to master the new technique. 
Although there was some increase 
over the preceeding week in the 
amount of food swallowed the biggest 
gain was in her control of the throat 
muscles. 

The first foods she started eating 
were bacon and lettuce, then other raw 
vegetables and graham crackers. The 
crackers were the only foods she could 
swallow at this time. Whatever else 
was swallowed was by chance or with 
the aid of milk. In spite of her re- 
puted aversion to sweets it did not 
take her long to discover that she 
liked desserts. On the sixth day she 
took a tiny bite of the thin tapioca 
custard that was served, exclaimed, 
“Dat good!” and ate three teaspoons 
of it. Before the end of the first week 
she also found that she liked whipped 
cream, baked bananas and apple sauce. 
Throughout the treatment we had to 
make use of these foods, particularly 
the bacon and desserts, to get her to 
taste other food she did not care for. 
Her diet during all but the last week 
and a half was greatly overablanced in 
favor of desserts and graham crackers, 
but since our first problem was to 
teach her the mechanics of swallowing 
and give her the right attitude towards 
food, we had to be guided by her 
choice and not by strict dietary regu- 
lations. Of all the food offered her, 
we encountered the most resistence 
to cereal and to eggs in any form except 
in her milk. They were served to her 
practically every day and by the sixth 
week we were beginning to overcome 
the prejudice. We tried out vitavose 
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TABLE 1 
Summary of food intake, analyzed in terms 
of proteins, calories, calcium, phosphorus 
and iron 





CALO- 
RIES 


CALCIUM PHOS- 


PHORUS 





grams | grams 
0} 0 
217) 0.231 
546) 0.747 
518 
588 
487 
646 


grams 


0.295 
0.744 
0.670 
0.748 
0.595 
0.710 


CON Oarhwhd 


800 


679 
734 


0.594 
0.766 
0.791 
0.750 
0.775 
0.982 
0.453 
0.969 
0.858 
0.872 
1.041 
0.725 
0.977 
0.978 
1.115 
0.754 


0.684 
0.910 
0.896 
0.891 
1.042 
0.744 
0.953 
0.967 
1.105 
0.749 


1,107 
925 
1,131 
1,092 
832 
984 
1,037 
1,296 
855 


0.0087 
0.0045 




















in her milk and beef broth before 
meals, thinking they might be helpful 
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as appetite stimulants but we met 
with so much resistence we dropped 
them. Adding salt to the food en- 
couraged her to taste it, especially in 
the first weeks, but later was ineffec- 
tive. In acquiring new tastes prog- 
ress was slow, the food generally 
having to be served to her a number of 
times before she would eat it in any 
great amount. Sometimes after these 
trial periods she would find the food to 
her liking and at times she could be 
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eat changed from week to week and 
varied from meal to meal depending 
upon her behavior. At all times we 
were led by her. She was encouraged 
and praised frequently but never 
blamed for her inability to swallow 
solids. By the end of the second week 
we found that we had to use a certain 
amount of pressure but we always 
tried to keep our dominance from 
being overbearing. We were satisfied 
with very little at the beginning, but 


TABLE 2 
Comparative progress in food eaten 





MEAL FOOD SERVED 


AMOUNT PUT 
IN MOUTH 


AMOUNT 
SWALLOWED 





Baked banana 

Pea souffle 

Corn bread 

Prune whip and 
Whipped cream 

Milk 


Dinner 


Baked banana 
Liver souffle 
Lettuce sandwich 
Tapioca custard 


Dinner 








Milk and 2 tbsp. cream 


1} tsp. 
+ tsp. 
§ tsp. 

0 tsp. 

2 tsp. 
3 pt. 

4} tsp. 


12 tsp. 


0 tsp. 
2 tsp. 
3 pt. 
3 tsp. 


6 tsp. 
3 tsp. 
3 tsp. 
9 tsp. 
3 pt. 
21 tsp. 


6 tsp. 
3 tsp. 
3 tsp. 
9 tsp. 
$ pt. 
21 tsp. 














made to eat it in order to get a food 
she did like. As we considered it 
essential to keep her in the best condi- 
tion possible, thinking that only in so 
doing would we make the best prog- 
ress, we insisted upon a pint and a 
half of milk a day the first weeks and 
only cut it down when it began inter- 
fering with the amount of solid food 
she was eating. We added an egg 
yolk to the milk twice a day and later 
2 tablespoons of cream once a day. 
The methods used to induce her to 


as she became more adept in her use 
of silver and in her ability to chew and 
swallow, we gradually were able to 
demand more and more of her. Refer- 
ence to the chart shows how steadily 
upward her progress was in learning to 
handle solid food. While the swallow- 
ing technique had not become auto- 
matic, it was fairly well mastered by 
the end of 6 weeks. Only 3 teaspoons 
of food out of a total of 348 were not 
swallowed, compared to the 9 out of 34 
that were removed the first week. 
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Although it was impossible to deter- 
mine the exact amount swallowed it 
could be roughtly estimated by com- 
paring the amount served with the 
amount taken out of her mouth. The 
results shown in the tables can be 
considered as fairly accurate. 


The foods she was eating with some 
enjoyment at this time were: 


Bacon 

Toast 

Spinach 

Apple sauce 
Stewed prunes 
Baked bananas 
Graham crackers 
Corn bread 
Cottage cheese 
Mashed potatoes 


Rice 

Peas 

Sweet potatoes 
with apple sauce 

Raw vegetables 
Lettuce 
Celery 
Spinach 
Cauliflower 
Cabbage 


All simple desserts 
Tapioca custard 
Prune whip 
Fruit cup 
Cinnamon apples 
Grape gelatin 
Ice cream 
Cocoa blanc mange 
Baked custard 
Apricot whip 

Whipped cream 

After dinner mints 


The foods she was learning to eat 

in substantial servings were: 
Scrambled eggs and eggs in other forms 
Stewed carrots 


Oat meal and other cooked cereal 
Rice flakes 
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The foods sampled, other than the 
ones mentioned above, were: 


Chicken 

Chicken dressing 

Steak 

Meat and vegetable loaf 


Liver soufflé and liver in other forms 


Tomato soup 
Spinach soup 

Beef broth 

Salt cracker 

Arrow root cracker 


Egg plant 
Corn meal 
Noodles 
Cake 
Zwiebach 
Jelly 


She was not only eating these foods 
fairly willingly and with evidence of 
enjoyment for some of them but she 
was taking average size bites and was 
making good use of her lips and tongue 
in manipulating the food and getting 
it off the silver. Whether or not her 
subsequent progress in acquiring a 
healthy appetite and a keen enjoyment 
of food would have been as fast as her 
acquirement of the mechanics of the 
problem we do not know, as the 
parents decided to remove her from 
the school at this time. Their appre- 
ciation of her improvement was 
greater than their appreciation of the 
problem ahead. When she left us 
she had gained the 2 pounds lost the 
first few weeks and had gained an 
additional 2? of a pound. 

In evaluating the factors in the 
treatment that were most effective 
towards realizing the rapid progress in 
the short time, there are 3 main points 
that stand out above the others: (1) 
The complete separation from the 
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family, (2) the daily contact with 
normal children, and (3) the undivided 
control during the 6 weeks. 

The follow up reports from the home 
have been unsatisfactory but a letter 
from the father 6 months later indi- 
cated that although she was still the 
dawdler she was when she left us, 
her gains in the mechanics of eating 
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had not been lost. He also reported 
some improvement in the amount of 
food she was eating and said that she 


was eating a larger variety than when 
she left us. 
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Ability of Children in Color Discrimination 


Witure Mar Coox 


as the theoretical interest which 

is attached to color discrimina- 
tion scarcely needs emphasizing. So 
essential is a normal color sensing 
mechanism that many individuals 
who are defective in this respect find 
themselves at a “istinct disadvantage 
in numerous occupations and deprived 
of the keen esthetic satisfaction which 
most normal persons find in natural 
scenery, at the theater, and in many 
other situations in which color and 
color combinations are important fea- 
tures. Yet in spite of the great 
practical and personal importance of 
color discrimination, it is only within 
comparatively recent decades that it 
has become a matter of scientific 
consideration. Numerous common- 
sense hypotheses, based on crude 
observation, have been advanced to 
account for the physiological and 
psychological facts of color perception; 
but recent and more critical investiga- 
tions have shown that virtually all of 
the traditional stock theories are 
either grossly erroneous or in need of 


‘ae practical importance as well 


. serious revision. For example, it was 


until quite recently believed that 
defective color vision was more com- 
mon in men than in women; in fact, 
it was regarded as a sex-linked char- 
acteristic; but improved tests have 
shown that if there are any sex differ- 
ences at all in this respect, they are 


indeed slight. It is also frequently 
asserted that color-blindness is more 
commonly found among adults than in 
children. However, this assumption, 
like many others, has been based upon 
only the most casual information con- 
cerning the actual color-sensing ability 
in children, and cannot be accepted 
until much more extensive and reliable 
data have been obtained. It appears, 
therefore, that the experimental study 
of color vision in children, especially 
at the early ages, is at present an 
especially fruitful field for research. 

In the past, color vision in children 
has been studied mainly by the 
methods of color preference, color 
naming, and color matching. How- 
ever, since the color preference has 
not proved especially productive as an 
experimental method, only the last two 
methods will be considered here. 
Again, contrary to the prevailing 
opinion, proficiency in color matching 
appears in children at an earlier age 
than does accurate color naming. 
Because of this chronological relation- 
ship, in the present study color 
matching will be considered before | 
color naming both in the historical 
and experimental sections. 


HISTORY OF COLOR DISCRIMINATION 


No attempt will be made here to 
give a comprehensive survey of the 
previous studies of color matching and 
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color naming. This. has been ade- 
quately done elsewhere (21,2). How- 
+ ever, it is desirable to review in some 
detail those investigations which have 
introduced especially unique or origi- 
nal methods and which seem to have 
obtained the most significant results. 
Many of the experiments here re- 
viewed are not conclusive; neverthe- 
less they serve to indicate productive 
methods and to suggest problems 
which are amenable to a more strictly 
quantitative and scientific approach. 

Nagel (15) made observations on 
the development of the color sense of a 
child. His purpose was to find whether 

beg of two and one-third years of 
age showed a normal trichromatic 
color sense, or whether there was any 
reason to assume a dichromatic or 
otherwise abnormal color vision. The 
subject was trained for 5 days to each 
of the colors red, green, blue, black, 
and white. The material was in the 
form of colored papers and was pre- 
sented in several degrees of brightness 
and saturation. 

The subject was seated before “the 
mosaic game.” The experimenter 
pointed out red and had the child 
locate all of that particular color. At 
the second sitting he was presented 
with a large number of squares and 
asked, ‘‘Where is red?” The experi- 
ment was continued with each color 
for 5 days, with an average of three 
training periods per day. 

Nagel concludes from his results 
with the one subject that a child 
learns to match red with red and green 
with green rather quickly; that the 
ability to match blue with blue and 
gray with gray develops more slowly. 
He draws no conclusions as to the 
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effect of brightness and saturation 
differences on color discrimination. 

In investigating the color sense of 
his a est i (13) 
found that by presenting flowers of 
different colors, worsted of different 
colors, and small boxes of different 
colors that he received a reaction to 
red as early as the fifth month. ‘The 
power to appreciate blue” seems to 
have appeared as early as the twenty- 
first week. His final conclusion is 
“that children are attracted more 


differences.” 

By means of what he calls the 
“grasp and reward” method Myers 
(14) desired to show what colors are 
confused with red, and to test the 
brightness sensitivity of his youngster. 
In the first series of experiments the 
subject was rewarded with a sip of 
honey each time she chose red when 
red was presented with any other 
color. In the second series presented 
with 2 gray cards of different bright- 
nesses the child was trained to choose 
the brighter of the two. He claims 
to have found that at a very early age 
(perhaps long before six months) 
infants are susceptible to relatively 
small differences in brightness. 

Among the other things noted by 
Woolley (22) in her study of the color 
perception of one infant is the influence 
of brightness difference on choice. In 
a series of colors used, yellow was the 
brightest color, green next, red third, 
and blue darkest. The order in which 
the child chose the colors from greatest 
to the least number of times was red, 
yellow, blue, and green. 

The child’s color preferences did not 
coincide with the brightness series 
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either in ascending or descending 
order. In so far as brightness differ- 
ences influenced choice they must 
have tended to enhance the darker 
colors. These tests were made when 
the child was six months old. 

Baldwin and Stecher (2) used the 
Holmgren color blind test series for a 
color discrimination experiment. The 
material consisted of 4 sample worsteds 
in the colors red, green, yellow, and 
blue together with 10 shades and tints 
of each color. Each sample was 
pinned to the lid of a gray box. In 
the lid was an opening 13 inches 
square to permit the worsteds being 
dropped out of sight. There was a 
row of red, green, yellow, and blue in 
the order named from left to right. 


“Tt is obvious that the poor success of 
many children was not due to conditions of 
the test but to their stage of development. 

. . . The saturated greens were found to 
be the easiest and the pastel shades the 


hardest. Introspective and spontaneous 
remarks during the experiment showed that 
the children regarded the tints and shades 
such as pink and lavender as separate 


psychological entities, and were genuinely 
puzzled by the difference between the 
sample and the color to be placed.”’ 


The age scores increased from 10.3 
per cent correct placements at two 
years to 12.3 per cent at three years, 
22.5 per cent at four years, 38.5 per 
cent at five years, 35.8 per cent at six 
years. The correct placements at six 
years show a slight drop. 


“The test measures functions that are 
relatively independent of the ability to 
name colors. . . . . Some of the younger 
children could not name the four samples 
but placed a number of colors correctly. 
Other children could call even the more 
difficult shades and tints by their correct 
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names but could not place them. The test 
is a little too difficult for our youngest 
children, probably on account of the large 
number of colors to be sorted, which necessi- 
tates continuous attention for considerable 
time. It does test some rather complex 
process of discrimination and comparison, 
however, and it is consequently of value.’ 


Baldwin and Stecher also conducted 
a card sorting test using colors from 
the Woodworth-Wells Blanks. The 
test materials consisted of a set of 
pasteboard trays about 1 inch by 2 
inches and a pack of 100 cards. A 
color square cut from a Woodworth- 
Wells blank was mounted on each 
eard. Each box was marked with a 
similar color square, and boxes ar- 
ranged from left to right: yellow, 
black, green, red, and blue. Cards 
were piled on the table within a 
wooden frame and conveniently placed 
for the subject. 

The instructions were: “See these 
little boxes and these little cards. 
Let’s see how many of the cards you 
can put in the boxes, each card in the 
box marked with its own color. Just 
take any card that’s on top and put it 
where there is one like it.”” A time 
limit was set at 5 minutes. 

The authors say, “Success in this 
test is not altogether dependent upon 
the speed of muscular coordination. 
Some children hesitate a long time 
before placing a card, and make errors 
which they sometimes correct spon- 
taneously, and sometimes recognize 
only when the experimenter took the 
wrong card out of the box in order to 
prevent confusion.” 

Descoeudres (6), Brian and Good- 
enough (4), Tobie (20), and Eljasch 
(7) studied the relationship existing 
between form and color perception. 
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Descoeudres’ experiment involved the 
setting up of an experimental situa- 
tion in which the subject was required 
to choose between two alternatives in 
matching a series of objects. Each 
situation offered equal opportunity 
for matching either on the basis of 
form or color, but a choice always had 
to be made. 

Brian and Goodenough set up a 
similar problem for a group of subjects 
whose ages ranged from two years 
to sixteen years of age, and a group of 
40 adult women. They found that up 
to the age of six years matching was 
done primarily on the basis of color; 
after the age of six years matching was 
done primarily on the basis of form. 

Eljasch confirms the findings of the 
earlier investigators that the majority 
of children between the ages of three 
and seven years when confronted with 
the task of matching geometrical 
figures match them on the basis of 
similarity in color. ‘This predomi- 
nance of color is found no matter 
whether size or form is the completing 
characteristic of the objects to be 
compared.” 

Tobie’s investigation, published in 
1927, is one of the most careful experi- 
ments reported on the reciprocal effects 
of color and form. His object was to 
determine whether children respond 
more readily to color or to form. 
Using about 1,000 subjects, he required 
each to select from an array of different 
forms, every one of which might 
appear in several different colors, 
those which are like the form of a 
specific color displayed by the experi- 
menter. The records showed whether 
color alone, form alone, or the correct 
combination of both factors deter- 
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mined the selections made by the 
child. 

Geometrical forms and outlines of 
familiar objects were both used as 
material. The principle conclusions of 
this investigator were summarized as 
follows: 


(1) Up to the age of 3 years 8 months 
the relative obtrusiveness of color and form 
determine to which of these factors the 
child will respond, i.e. which of them will be 
‘abstracted.’ (2) In the age range from 3 
years 9 months to 5 years 1 month the 
child tends to respond to color rather than 
to form. In the last months of this range 
the ‘color zone’ gives way to a period in 
which form is heeded more frequently. (3) 
With age 5 years 1 month a developmental 
phase begins in which, with increasing 
intellectuai development, the ability to 
respond selectively to either form or color 
appears.” 


Conflicting evidence as to the age at 
which the color names appear in the 
vocabulary of the child are reported 
in numerous published studies dealing 
with the development of color per- 
ception. Several investigators experi- 
menting with groups of children, 
largely European, stated that accurate 
color naming was acquired rather 
late. Among this group Binet and 
Simon (8) considered the correct 
naming of red, green, yellow, and blue 
an adequate test for the eighth year. 
In a later revision of the Binet Scale 
they placed it in the seventh year. 
Bobertag (8) replaced it in the eighth 
year. In America Terman and Childs 
(19) found it much too easy for the 
eight year old and in their tentative 
revision placed it in the fifth year. 

Bateman’s (1) study, published in 
1915, includes the most comprehensive 
historical summary of the literature on 
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color naming up to that date. Since 
his. experimental work was very care- 
fully executed, both the general dis- 
cussion and the conclusions which 
Bateman gives are of particular 
significance. 

* His general discussion on color 
naming may be briefly summarized as 
follows: (1) Although not usual, chil- 
dren may begin to use color names as 
soon as the sixteenth month; (2) the 
twenthieth month is about the average 
time at which color names at first 
appear; (3) aptness in acquiring further 
color vocabulary seems to vary with 
individual ability; (4) purple, green, 
and orange are first correctly named 
around the eighth or ninth year; (5) 
children as young as_ twenty-two 
months name the Binet colors un- 
hesitatingly; (6) American results and 
foreign results on ability of young 
children to name colors are not in 
harmony; (7) boys show less ability at 
olor discrimination than girls. 

The final conclusions from the 591 
subjects tested by Bateman are that 
the Binet color test is rightly placed 
in the fifth year, that school training 
increases color naming ability, that 
recognition and naming of colors is 
weakest in the cases of orange and 
purple, and that it is probable that 
American children could be taught to 
name the Binet colors correctly by 

. the fourth birthday. 

Garbini (8), following the same 
methods of the American and German 
experimenters, tested 600 six year old 
Italian children. His results indicate 
that only 35 per cent could name blue, 
yellow, pink, orange, and _ violet 
correctly. 

Baldwin and Stecher (2) also tested 
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the strength of association of color 
names as determined by the ability 
to recall the names of color squares. 
Forty-eight children from three to six 
years of age were required to name 50 
of the colors as given on the Wood- 
worth-Wells color sheets, including 
red, green, yellow, blue, and black. 
Nine of the 48 children did not 
succeed in learning the names well 
enough to take the test. The time 
required for naming 50 colors averaged 
159.7 seconds at 3 years, 142.1 seconds 
at 4 years, 92.4 seconds at 5 years, 
92.1 seconds at 6 years. 

Data from 38 subjects on naming the 
common signal colors were provided 
by Luckiesh and Moeller (11). Lights 
emitting dominantly red, yellow, 
green, blue-green, and blue were 
viewed singly and in a group. “The 
results showed that color names are 
not standard for a group of observers; 
that more confusion exists when the 
color is viewed singly than when 
viewed in a group of other colors; that 
the most confusion in naming is found 
for colors in the vicinity of blue-green; 
and that confusion also exists at the 
transitional point between red and 
yellow.” 

Interesting results as to the develop- 
ment of the color vocabulary may be 
had from a study of the vocabulary 
and language studies published during 
the last fifty years. Miss Shinn 
reports that her niece used red at the 
age of 16 months, Bohn’s (1) child 
used green and yellow at 17 months, 
and Pelsma’s (1) 18 month old child 
“recognized” bite. The studies of 
vocabularies of young children throw 
light on the development of ability 
to name colors. Bateman (1) has 
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summarized fifteen of the specialized 
color vocabulary studies. 

It may be seen, from the literature 
which has just been reviewed, that 
many of the previous studies of color 
discrimination in children have been 
either sporadic and unsystematic or 
have been merely incidental features 
of juvenile biographies or of various 
types of mental tests and vocabulary 
studies. Many of the experiments lack 
scientific validity because of their 
failure to control the experimental 
conditions adequately and because of a 
lack of standardized materials and 
procedure. Several commercial con- 
cerns are now prepared to supply 
uniform and standardized color mate- 
rials which make possible a degree of 
comparison of the results of various 
investigators and insure a reliability 
of results not hitherto attainable. 


PROBLEM AND PROCEDURE IN THIS 
INVESTIGATION 


The specific problem of this in- 
vestigation was the determination of 
the child’s responses to color speci- 
mens of different hues but of equal 
brightness and saturation and to 
specimens of the same hue but of 
different brightness or saturation. 
Both verbal and non-verbal discrimi- 
nations were tested by the respective 
methods of color naming and color 
matching. As a supplementary prob- 
lem, an attempt was made to ascertain 
whether the naming and the matching 
of different hues were facilitated or 
hindred by controlling the factors of 
saturation and brightness. 


Subjects 


The 110 children who were used as 
subjects consisted of 45 girls and 65 
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boys whose ages ranged from seventeen 
months to six years. General in- 
formation about the groups may be 
given briefly as follows: 





NUMBER OF 
SUBJECTS 


Boys | Girls 


SOURCE 





Total 





1. The Johns Hopkins’ 
Child Institute 34 | 16 
2. University of Georgia 
Nursery School 16 | 12 
3. Roosevelt Recreation 
Center School........| 10 
4. Good Will Industries 
Day Nursery 5 


65 110 




















AGE RANGE I. Q. 
RANGE 





2 yrs. 1mo. to5yrs. 4 mos. |97-168 
2 yrs. 5 mos. to 4 yrs. 11 mos. |85-148 
lyr. 5mos.to5yrs. 8 mos. |67-121 
3 yrs. 10 mos. to 6 yrs. O mo. |72-105 











Materials 


Red, green, yellow, and blue squares 
of colored paper, 13 inches by 1} 
inches, which had been obtained from 
the Munsell Color Company and 
which had been mounted on gray 
pasteboard cards, 3 inches by 4 
inches, were used for both the naming 
and the matching tests. 

The materials employed in the 
preliminary series consisted of four 
such colors which any person with 
normal vision would have called red, 
green, yellow, and blue. The evalua- 
tion of each of these colors, according 
to the Munsell scale (12), is as follows: 
red, 4/14; green, 5/8; yellow, 8/14; and 
blue, 4/8. Two cards for each of the 
values were used. 

The samples used in Series 1 and 
Series 2 were of various degrees of 
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brightness and saturation. They were 
made up of red, green, yellow, and blue 
hues. Munsell gives the following 


tabular illustration of the relationship 
between the different brightness and 
saturation values of these samples: 


6/4 
5/2 5/4 5/6 
4/4 


In both the vertical and the horizon- 
tal columns, the numerators represent 
the brightness values; the denomina- 
‘tors, on the other hand, represent the 
saturation values. Thus, for the 
samples of any given color, the 
values in the horizontal row represent 
variations in saturation; the values in 
the vertical row likewise represent 
variations in brightness. 

The materials for Series 3 consisted 
of 8 Holgate three-inch color cubes. 
Two cubes were painted red, two 
yellow, two green, and ‘two blue. No 
attempt was made to determine the 
amount of brightness and saturation 
of the colors. 

Throughout the experiment the 
accessory gray cardboard used was 
matched with the gray at the 4/5 
value in the Munsell series. The 
table on which the cards were dis- 
played was always completely covered 
by a gray cardboard, 22 inches by 28 
inches, 


Method 


Preliminary series. Each subject 
was brought into the experimental 
room alone and seated at a small 
table covered with gray cardboard. 
Upon this were already placed the 
four colors which were later to be 
matched although they were tem- 
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porarily hidden from the view of the 
subject by a large piece of gray card- 
board. The red sample was placed at 
the subject’s left, the green one next, 
then the yellow one, and lastly on the 
extreme right, the blue one. The 
sample cards to be matched were 
given to the subject in the same order, 
iLe., red, green, yellow, and blue. 

No attempt was made to equalize 
the brightness or saturation of the 
colors used in this series, the only 
purpose being to present colors which 
likely would have been frequently 
encountered by the child in every day 
experience and to orient the child 
toward the experiment. The child 
was first given the red card and 
instructed to find the color like it 
among the 4 cards already on the 
table. 

The actual instructions given each 
subject were as follows: “I have some 
colors here. See? (Here experi- 
menter removed the gray cardboard 
covering from the four colors and 
pointed to them.) Here is another 
color, too. (Experimenter removed 
the gray cardboard cover from the red 
sample card which was directly in 
front of the subject.) This color is 
like this one, (experimenter pointed 
from the sample red ecard to the red 
card on the table at the subject’s 
left), isn’t it?” 

The experimenter took up the red 
card from the table and said, “Do 
you see that this card is like this 
one?” (Experimenter pointed to the 
sample card and then to the card on 
the table which the sample card 
matched.) The red sample card was 
then removed and the other red card 
returned to its proper position in the 
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row) on the table. The colors were 
covered again. The green sample 
was then placed on the table below 
the row of four colors. Both gray 
covers were removed. It will be noted 
that covers were kept over all colors 
except during the actual presentation 
of a sample and its matching by the 
subject. The experimenter _ said, 
“See! Another color! Find the color 
like this one for me. You may pick 
it up.” 

If the subject responded correctly, 
approbation was shown by the experi- 
menter’s saying, “Fine!” or, ‘“That’s 
right!” If the subject made an in- 
correct judgment, it was indicated by 
the experimenter’s shaking her head 
and saying, “No! No! This (point- 


ing to the sample card) and this (pick- 
ing up the correct card from the row 
and placing it by the sample card)! 
You see this color (pointing to the 


sample color) is just like this one 
(pointing to the green just placed 
beside the sample color)." 

When the matching had been com- 
pleted, the experimenter asked, ‘‘What 
color is this (pointing to red)? And 
this (pointing to green)? And this 
(pointing to yellow)? And _ this 
(pointing to blue)?” If no response 
was obtained to the first question, the 
experimenter said, “I am sure that 
you know what this color is. What 
name do you call it?” A record of 
both matching and naming was kept 
for this, the preliminary series. 

Series 1. The object of this series 
was to determine the subject’s ability 
to match hues which were varied in 
brightness and saturation. The six 
parts of the experimental procedure 
may be outlined briefly as follows: 
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Part 1. Four cards, differing in 
hue, but of the same brightness and 
saturation (value 5/4). 

Part 2. Same as part 1, but a 
higher brightness value, 6/4. 

Part 3. Same as part 1, but a lower 
brightness value, 4/4. 

Part 4. Same as part 1 in all 
details. : 

Part 5. Same as part 1, but with a 
higher saturation value, 5/6. 

Part 6. Same as part 1, but with a _ 
lower saturation value, 5/2. 

Series 2. The purpose of this second — 
series was to determine the subject’s 
ability to match colors when hue and 
brightness were constant and satura- 
tion varied, and secondly, when hue 
and saturation were constant and 
brightness varied. In the first part of 
the series three red cards of equal 
saturation (5/4) but of brightness 
values of 6/4, 5/4, and 4/4 respec- 
tively, were exposed. A fourth card, 
with a brightness value of 6/4, was 
then presented and the subject asked 
to match it with one of the three 
cards already on the table. This 
done, cards of 5/4 and 4/4 brightness 
value were matched. This procedure 
was then repeated with saturation 
instead of brightness as the variable. 
Parts two, three, and four of Series 2 
were exactly like part one except that 
green, yellow, and blue were used 
instead of red. No naming was 
required in this series. 

Series 3. This third series of the 
experiment was planned to check 
whether or not a position habit had 
been formed in the color naming and 
matching. The color cubes were pre- 
sented in various spatial arrangements. 
The conditions were as follows: The 
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subject, after entering the experi- 
mental room, was seated at the table 
on which were placed the four colored 
cubes already covered with gray 
cardboard. Presenting the subject 
with the sample red cube and removing 
the covers from those already on the 
table, the experimenter said, “I have 
some blocks here. They are of differ- 
ent colors. This block in my hand is 
like this one here, (pointing to the 
red one on the table at the subject’s 
left), isn’t it?” As soon as the 
subject indicated his appreciation of 
the likeness, the experimenter re- 
moved the sample red cube. Follow- 
ing the same method as outlined in 
the procedure of the preliminary 
experiment, sample cubes of the colors 
green, yellow, and blue were presented 
respectively. 

The color cubes were placed on the 
table in the same order as the color 
cards in Series 1. 

The spatial arrangement of the 
cubes in the three succeeding presen- 
tations was changed. The child was 
required to match the four samples 
presented in the sequence: first pre- 
sentation left to right, red, green, 
yellow, blue; second presentation left 
to right, green, red, blue, yellow; third 
presentation, yellow, blue, red, green; 
fourth presentation, blue, yellow, 
green, red. 

At the end of the second and the 
fourth matchings of the four cubes, 
the subject was asked to name the 
colors. The particular presentations 
were arbitrarily chosen by the exper- 
imenter on the assumption that any 
memory habit for color naming would 
be indicated by his response to a 
different order of arrangement of the 
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colors on the table. No correction 
was made of errors throughout the 
whole of Series 3. 

Four sittings were necessary for each 
subject to complete the preliminary 
and the three series of the experiment 
proper. The preliminary series and 
the first half of Series 1 occupied the 
first sitting. The second half of 
Series 1, all of Series 2, and all of Series 
3 were given respectively on three 
subsequent occasions. 


RESULTS 
Color matching 


The experimental situations of this 
investigation, as previously described, 
were designed to test the accuracy 
with which each subject could match 
color samples, as well as to test his 
ability to name the samples cor- 
rectly. Color naming will be reported 
in the next section. Attention is here 
directed to the matching which was 
required in the Preliminary Series, 
Series 1, Series 2, and Series 3. 

The purposes of the color matching 
tests were: (1) to find the relation 
between chronological age and the 
accurateness of color matching and 
(2) to determine the effect of changes 
in brightness and saturation, under 
carefully controlled conditions, on the 
matching of colors. The following 
graphic and tabular treatment of the 
data indicates the results obtained. 

Table 1 gives the number and the 
percentage of correct responses made 
by the various age groups in both 
Series 1 and Series 2. The age 
groups represent six-month intervals, 
beginning with 2 years and ending with 
6 years. The numbers in the double 
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TABLE 1 
Total number and percentage of correct discriminations made by different age groups 





SERIES 1 SERIES 2 





Brightness Saturation 


Per 
cent 
cor- 


Saturation 


Per 
cent 
cor- 


Brightness 


Per | Num- 
cent ber 
correct 


AGE GROUP 





Num- 
ber 
cor- 
rect 


Num- 
ber 
correct 


Num- 
ber 
correct 





51 
69 
156 
274 
287 
256 
60 
36 


53 
76 
147 
282 
287 
256 
60 
36 


33 
20 
90 
223 
234 
228 
51 
35 


to 2 yrs 
. to 3 yrs. 
to 3 yrs 
. to 4 yrs. 
to 4 yrs 
. to 5 yrs. 
to 5 yrs 
. to 6 yrs. 
































TABLE 2 


as made by 110 subjects on combined scores of Series 1 and 
Series 2 


Percentage of correct matchings 





AGE GROUP 


NUMBER 
OF 
SUBJECTS 


BRIGHTNESS 


SATURATION 


TOTAL 





Number | Per cent 


Number 


Per cent 


Number 


Per cent 





to 2 yrs 


89 


173 


45 


111 
232 
473 
519 
422 
110 

69 


200 
478 
970 
1,040 
906 
221 
140 


. to 3 yrs. 
to 3 yrs 
. to 4 yrs. 
to 4 yrs 
. to 5 yrs. 
to 5 yrs 
. to 6 yrs. 


























TABLE 3 
Percentage of correct matchings for each color according to age groupings 





PRELIMINARY SERIES 1 SERIES 2 SERIES 3 


SERIES 
AGE GROUP 





NUMBER OF 
SUBJECTS 





= 
é 
5 
62 

55 

93 

96 
100 
100 
100 
100 


is.) 


to 2 yrs 
to 3 yrs. 
to 3 yrs 
to 4 yrs. 
to 4 yrs 
to 5 yrs. 
to 5 yrs 
to 6 yrs. 


© 


13 
47 
65 
80 
74 
93] 73/86 
100/100)83 


-_ 
_ 





E4 @ ge & Yellow 


i] 
= 


tN by 
OO > 
— 
88 
ZS RN & | Yellow 








or 
3 
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columns with the word “Brightness” 
at the top indicate the number and 
percentage of correct responses when 
saturation was the variable; the num- 
bers in the columns headed “Satura- 
tion,” on the other hand, indicate the 


313 


shown in table 2 appear. This table 
gives the total number and percentage 
of correct matchings made by all the 
subjects on the combined scores of the 
two series. The percentage of accu- 
rate judgments as given in the table 


TABLE 4 


Percentage of correct matchings of red, green, yellow, and blue for each age group based on 
combined scores of Preliminary Series, Series 1, 2, and 3 





AGE GROUPS 





‘ES ee 











85 98 
84 94 
85 93 
82 














al. L 1 


i i 3 





yrs. 2 2%, 3 


Fig. 1. PeRcENTAGE OF CorREcT MaTCHINGS OF SuccESSIVE AGE GROUPS. 


1 
4 4 OF 


4 


BLUE— --—; 


GREEN——°; YELLOW—x—x; Rep————— 


number and percentage of correct 
responses when brightness was the 
variable. 

When the scores for brightness 
difference tests and for saturation 
difference tests for both Series 1 and 
Series 2 are combined, the results 


indicates a continuous increase in the 
proportion of correct color matchings 
with an increase in chronological age. 

The percentage of correct matching 
for each of the four different hues is 
given in table 3. This summary is 
made from all four series. The results 
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indicate that an upward progression 
of chronological age increases the 
chances for correct color matching, 
though not in any direct ratio. With 
the exception of red in one series 
(Series 2), no color is matched con- 
sistently better or worse by the suc- 
cessively age groups. 

In order to summarize concisely 
the combined scores as obtained on the 
Preliminary Series and on Series 1, 2, 
and 3 for color matching, table 4 and 
Figure 1 are presented. The numbers 
indicate that the average accuracy for 
matching for each of the colors is: red 


Coox: Color Discrimination 


accurately when saturation is constant 
and brightness is varied rather than 
when brightness is constant and satu- 
ration is varied. 


Color naming 


This section deals with an analysis 
of the naming of the four primary 
colors by 110 children. The oldest 
child tested was 6 years, the youngest 
2 years and 1 month. Age was 
reckoned to the nearest month on the 
day the first test was given. 

Each child was required to give the 
four color names included in the Binet 


TABLE 5 
Number of percentage of correct responses obtained for each of the primary colors 





RED 


GREEN YELLOW BLUE 





Total 
num- 
ber of 
cor- 
rect 
names 


TESTS FOR COLOR NAMING USED IN 
PRESENT EXPERIMENT 


Total 
num- 
ber of 
cor- 
rect 
names 


Total Total 

- num- 

ber of 
cor- 
rect 

names 


Per 
cent 


Per 
cent 


Per 





94 57 
85 
386 


154 


660 
220 








62 
74 
416 
132 


71 
62 
47 
68 


58 
79 
484 
133 


60 
77 
58 
70 

















151 











84 per cent, yellow 82 per cent, and 
both blue and green 81 per cent. 
These percentages are obtained by 
combining the results for all age 
groups and of each of the experimental 
situations (including hue, brightness, 
and saturation as variables). 

In general it appears from the data 
obtained on color matching that 
accuracy in color matching increases 
with an increase in chronological age 
and that no color is consistently 
matched most accurately by succeed- 
ing age groups. There is slight in- 
dication, however, that the tendency 
is present to match colors more 


test as well as to name the colors used 
in the three experimental situations 
set up by this investigation. The 
method of giving one point for each 
color correctly named was arbitrarily 
adopted as a scoring device. A cor- 
rect score was given only when the 
color specimen was called by its right 
name, i.e., either red, green, yellow, 
or blue. This procedure was adhered 
to throughout the experiment. 

Table 5 summarizes the number and 
percentage of correct responses ob- 
tained for each of the primary colors 
in the Binet test and in the three 
experimental situations involving color 
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naming. A careful scrutiny of this 
table reveals the fact that the per- 


TABLE 6 
Correlations between the correct responses 
obtained from Binet, Preliminary, 
Series 1 and Series 3 





TESTS CORRE- 
LATION 





Binet and Preliminary . 766 
Preliminary and Series 3...) .88 
Combined Preliminary and 


.89 
Combined Preliminary and 
Series 3 with second half 
of Series 1 .89 
First half of Series 1 with 
second half of Series 1....| .92 | .0001 











centage of correct responses for the 
preliminary test was higher, on the 
average, than the percentage of correct 
responses for the other two color 
naming tests of this investigation and 
the color naming on the Binet. 

The correlations between the correct 
responses obtained from these four 
test situations are given in table 6. 
These figures indicate a high degree of 
similarity between the situations under 
investigation. 

In order to arrive at a more concrete 
notion of the color naming ability of 
the various age groups, the correct 
scores for the Preliminary Series, 
Series 1, and Series 3 were totaled. 
Subjects grouped according to chrono- 


TABLE 7 


Average number and percentage of c 


orrect naming for the four colors 





SUBJECTS GROUPED ACCORDING TO AVERAGE 


CHRONOLOGICAL AGE CHRONOLOGICAL AGE GIVEN FOUR 


AVERAGE NUM-| PERCENTAGE 
BER OF COR- OF CORRECT 
NUMBER OF RECT NAMES NAMING 


COLORS 





2 yrs. to 2 yrs. 6 mos. 2 yrs. 3 mos. 8.2 25 
2 yrs. 6 mos. to 3 yrs. 2 yrs. 7 mos. 12.1 35 
3 yrs. to 3 yrs. 6 mos. 3 yrs. 2 mos. 15.4 47 
3 yrs. 6 mos. to 4 yrs. 3 yrs. 8 mos. 17.7 56 
4 yrs. to 4 yrs. 6 mos. 4 yrs. 2 mos. 26.4 81 
4 yrs. 6 mos. to 5 yrs. 4 yrs. 7 mos. 24.3 75 
5 yrs. to 5 yrs. 6 mos. 5 yrs. 2 mos. 18.0 56 
5 yrs. 6 mos. to 6 yrs. 5 yrs. 9 mos. 20.4 62 








AVERAGE NUM- 
BER OF COR- 


SUBJECTS GROUPED ACCORDING TO AVERAGE MENTAL NUMBER OF RECT NAMES PERCENTAGE 


MENTAL AGE 


SUBJECTS GIVEN FOUR OF CORRECT 
COLORS NAMING 





2 yrs. to 2 yrs. 6 mos. 2 yrs. 2 mos. 3 5.6 
2 yrs. 6 mos. to 3 yrs. 2 yrs. 8 mos. 10 7.5 
3 yrs. to 3 yrs. 6 mos. 3 yrs. 2 mos. 8 12.1 
3 yrs. 6 mos. to 4 yrs. 3 yrs. 9 mos. 17 12.2 
4 yrs. to 4 yrs. 6 mos. 4 yrs. 2 mos. 21 14.7 
4 yrs. 6 mos. to 5 yrs. 4 yrs. 8 mos. 20 27.1 
5 yrs. to 5 yrs. 6 mos. 5 yrs. 2 mos. 17 28.0 
5 yrs. 6 mos. to 6 yrs. 5 yrs. 9 mos. 8 28.7 
6 yrs. to 6 yrs. 6 mos. 6 yrs. 2 mos. 6 26.3 
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logical age and according to mental 
age, the number of subjects in each 
group, the average number of correct 
names given the four colors, and the 
percentage of correct naming are 
given in table 7. 

It will be noted that in both the 
successive chronological age groups 
and the successive mental age groups 
the color naming is most accurate in 
the 4 year 6 month to 5 year group 


Percent 
Correct 
1 00%, 
90 
go + 
70 
60 
50- 
#0 F 
30 
20 
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scores are consistently lower than in 
the corresponding mental age groups. 

The fact that red is named most 
accurately by the youngest and the 
oldest subjects is shown in Figure 2. 
Blue maintains a high degree of 
accuracy with greatest consistency. 
Yellow is named least accurately by 
each of the age groups. Green, begin- 
ning with a very low percentage of 
correct responses, increases in accuracy 





Fic. 2. PercENTAGE oF Correct NAMING For Eacu Cotor AccorDING To SuccEssIvE AGE 
Groups. BLiuE—-—-—; GrEEN——; YELLOW—x—x; Rep————— 


and decreases after this age. A pos- 
sible explanation for the drop lies in 
the fact that at this age the child 
begins to add numerous color names to 
his vocabulary other than the ele- 
mentary names. As a result he may 
frequently call red, green, yellow, and 
blue the various tints and shades of 
these colors, and in so doing is accord- 
ingly deprived of credit. In the last 
four chronological age groups the 


up to the fifth group and ends on an 
equality with blue. The data rep- 
resented by Figure 2 are based ‘on the 
total number of correct names given 
each color in the Preliminary Series, 
Series 1, and Series 3. 

The effects of brightness and satu- 
ration differences on color naming are 
revealed in table 8. At the ages of 2 
years to 2 years 6 months and from 3 
years to 4 years 6 months a higher 
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percentage of correct naming of colors 
is made with saturation as the con- 
stant and brightness as the variable. 
The 2 year 6 months to 3 year olds, 
and the 4 year 6 months to 5 year 6 
months react with correct color names 


TABLE 9 
Total number of color names given each of 
the four primary colors by the 
eight age groups 





AGE GROUPS 





23 | 


5 
6 
6 
5 




















Percent 

Correct 
100% 
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to each of the four primary colors by 
the eight different age groups. With 
an increase in chronological age there 
is a sporadic increase in the number of 
color names in the vocabulary. 

From the data obtained on color 
naming the following results appear 
to be clear cut: (1) Accurate color 
naming ability increases with chrono- 
logical age. (2) It may be predicted 
with a fair amount of certainty that 
individuals who receive a high score 
for color naming as measured by any 
one of the methods used in this in- 
vestigation will also receive a high 
rating on all the other naming tests 
here used. (3) Individuals within the 





23 
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Fig. 3. PERcENTAGE OF CorrEcT MATCHING AND NAMING OF ALL THE COLORS BY THE 


Successive AcE Groups. 


more accurately when brightness is 
the constant factor and saturation is 
the variable. 

Concluding the results on color 
naming, in table 9 is presented the 
number of different color names given 


MATCHING 


same age group show wide variation in 
score, e.g., the range in score within 
2 year to 2 year 6 months group was 
from 0 to 30. (4) The children, 
within the age range studied are 
likely to call one of the sample primary 
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colors by its own name or by the 
name of any shade or tint of any 
primary color. Furthermore, the re- 
sults of this investigation indicate 
that there is a tendency to name colors 
more accurately when saturation is 
the constant factor and brightness is 
the variable. 


Color Naming and Color Matching 


The data obtained for color naming 
and color matching may be compared 
in certain respects. When a com- 
parison of the raw scores for naming 
and matching of colors is made, it is 
found that in both cases there is a 
relatively greater number of high 
scores than low scores. There is a 


greater frequency of low scores for 
color naming than for color matching. 
There is also an indication of a higher 
correlation between the upper range of 
scores for naming and matching than 


between the lower range of scores. 

Figure 3 gives the percentage of 
correct scores for naming and match- 
ing colors as obtained with the 110 
subjects divided into groups on the 
basis of age. That color matching 
received a consistently higher per- 
centage of correct scores than color 
naming is also indicated. 


SUMMARY 


On the basis of the data included in 
the foregoing study of color naming 
and color matching, the following 
statements appear to be true: 

1. By the age of two years, children 
are able to match color specimens 
which differ in hue, brightness, or 
saturation, with an accuracy of 45 
per cent and to name the four primary 
colors, red, green, yellow, and blue, 
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with an accuracy of 25 per cent. By / 
the age of six years, these two abilities 
have increased respectively to 97 per 
cent and 62 per cent. 

2. These abilities, however, do not 
increase uniformly with age, the four- 
year-olds doing practically as well as 
the six-year-olds in the color matching 
and actually excelling them by almost 
20 per cent in the color naming. This 
last fact may be due in part to the 
relatively Jower mental ages and 
small number of cases in the upper age 
ranges and in part to the tendency on 
the part of the older children to use 
names of related hues, for example, 
such words as pink, magenta, rose, 
and scarlet for red, which naturally 
resulted in a lower naming score in 
some cases. The training of the child 
in color discrimination is probably an 
influential factor in the differences 
shown within an age group. 

3. Although no comprehensive 
study of color vocabularies was made, 
there appears, as would be expected, a 
general increase in number of color 
words with increasing age. 

4. Children of the ages ranging from 
two years to six years consistently 
match colors more accurately than 
they name them. 

5. Children of each age can discri-’ 
minate more accurately between differ- 
ences in hue than between differences 
in either brightness or saturation. 

6. There appears to be no significant 
difference in ability to discriminate 
between brightness and saturation 
differences, although there is a negli- 
gible tendency on the part of the group 
as a whole to discriminate brightness 
differences more accurately. 

7. There is no regularity in the order 
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of accuracy with which successive 
age groups name or match the colors 
red, green, yellow, and blue. Al- 


though one age group may match red, 
for example, more accurately than 
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any other color, another age group 
may match another color most ac- 
curately. There is, however, no con- 
sistent tendency to give one color 
precedence over the others. 
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Brief Reports 
A Study of Hand and Eye Preference 


PROBLEM 


HE study here reported presents 

the results of a study of the hand 
and eye preferred by the children at 
the Vassar College Nursery School for 
the school year of 1929-1930. 

An attempt was made to study the 
following problems: (1) Does a defi- 
nite relationship appear between the 
preferred hand and the preferred eye 
in the group of young children studied? 
(2) Do the children in this group who 
have marked speech defects show a 
tendency towards left handedness? 
(3) Does the stability of hand prefer- 
ence show any relationship to the 
development of speech in the case of 
a twelve months old child, during the 
period of observation? 


METHOD 


1. Direct observations were made 
of the preferred handedness of 23 
children at the nursery school. Most 
of the observations were made during 
the noon hour. 

2. To twelve of these twenty-three 
children 3 tests were given in an 
attempt to determine eye preference. 
These tests were based on Walter 
Miles’ (1) method for testing ocular 
dominance which seemed the most 
practicable for testing pre-school chil- 
dren. The apparatus consists of a 
V-scope or paper cone which is 


pressed open by the subject with both 
hands. However, due to the inability 
of the children to squeeze the V-scope 
hard enough to keep the hole at the end 
of the cone of uniform size, embroidery 
rings were securely fastened into one 
of the V-scopes. Thus Miles’ test was 
varied to the extent of using the same 
V-scope during the entire series of 
experiments, and the children were not 
told to lower the V-scope between 
tests. The subject holds the wide 
end of the cone over his face, looks into 
and through the cone at an object 
placed some feet away. The un- 
conscious sighting is shown by the 
direction in which the tip of the cone is 
pointed. The subject has the impres- 
sion that he is looking at the object 
with both eyes, but he is really focus- 
sing with one eye. This test has the 
advantage of doing away with errors 
due to preferred handedness, and 
seems to have high interest value for 
all the children who served as subjects. 

The situations studied were as 
follows: 


a. In the first experiment Miles’ set of ten 
silhouettes was used—a horse’s head, 
a hand, a crescent, a bicycle, a cir- 
cle, a cat, a girl’s face, an owl, a 
rooster and a cross. These were 
placed on a level with the child’s 
head and seven feet away from him. 
No artificial light was used. The 
responses of the children to the 
pictures were recorded as well as the 
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direction in which the tip of the V- 
scope pointed. 

b. In the second experiment the same 
silhouettes were used, but no at- 
tempt was made to show the pictures 
in the same order. An electric lamp 
was used to throw direct light on the 
pictures. 

ce. The third experiment was given imme- 
diately after the second. Ten pic- 


tures cut from a magazine were 


foot preference as shown in (a) foot 
lifted first in climbing stairs; (b) foot 
used on shovel in digging. 


RESULTS 


In table 1 the subjects are arranged 
according to age. Observations on 
the use of the fork and spoon are 
designated as follows: (1) R— for con- 


TABLE 1 





OBSERVATIONS—HAND 


EXPERIMENTS—EYE 





Spoon Unclassi- 
fied 


Shovel Experiment 2 | Experi- 


ment 3 


Experi- 
ment 1 
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pasted on cards of the same size as 
those used for the silhouettes. Most 
of these were colored and all were 
shaded in contrast to the silhouettes 
shown in the first and second experi- 
ments. 


3. Direct observations of use of a 
spade on the playground were made. 
4, Direct observations were made of 


sistent preference for right hand, (2) 
L— for consistent preference for left 
hand, (8) LR— for tendency to start 
with the left and end with the right 
hand, (4) RL— showing opposite 
tendency. Observations on the use of 
the shovel are recorded with the hand 
nearest the spade end first—a + sign 
over the hand directing the work. X 





Brief Reports 


indicates some variation in preferred 
eye. LR indicates change of focus 
from left to right. 

1. The age distribution of the chil- 
dren and the numbers tested for hand 
and eye dominance are indicated in 
table 2. 

2. Table 3 gives the results of tests 


for hand and eye dominance. 


TABLE 2 
Chronological age levels 





NUMBER 
TESTED FOR 
HAND 


NUMBER 
TESTED FOR 
BYE 


AGE 





months 


18-24 
25-36 
37-48 
49-55 














TABLE 3 
Relation of hand to eye dominance 





NUM- 
BER OF 
CASES 


EYE HAND 





Group II 


Group III 


Group IV 
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In the study of the question: “Is 
there a correlation between the in- 
creased stability of hand preference 
and the development of speech into 
words and syllables’? the subject, M 
H., was a girl observed from the age of 
twelve months through nineteen 
months. At the beginning of the 
observation M. H. was in the babble 
period and at the end of the experi- 
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ment M. H. had a vocabulary of 
fifty-three words. Running notes of 
M. H.’s use of a preferred hand were 
taken. 

Included as subjects in this study 
were male fraternal twins, both classed 
as preferring the right hand, yet one 
shows preference for the left eye and 
the other for the right. 


CONCLUSIONS 


Of the twelve children tested both 
for hand and eye preference, five pre- 
ferred the right hand and the right 
eye; five preferred the right hand and 
the left eye; one preferred the left 
hand and had a decided preference 
for the right eye; while another pre- 
ferred the left hand and the left eye. 

In the attempt to find whether there 
is a correlation between speech defects 
and the inhibited use of the preferred 
left hand, it was found that there was 
not sufficient material at the school to 
make any adequate study of the ques- 
tion. Subject L preferred the left eye 
sixteen times out of thirty tests. This 
results is inconclusive especially since 
the last list seemed to show L to prefer 
the right eye. At present, L has, if 
not a speech defect, unusually inarticu- 
late speech for her age. In talking she 
speaks very fast, often omitting parts 
of words and final consonants. For 
example, L pronounces Grand Avenue 
as “Ja Aa’; for yesterday, L says, 
“ya-ye-daa.”” The results as shown in 
the tests seem to be typical of her 
temperament. At present the only 
statement as to a preferred hand which 
seems justified is that when L is given 
a choice the left hand is preferred. 
She especially prefers to use the left 
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hand in eating—changing the fork or 
spoon from the right to the left hand 
for all delicate eating operations. 

Another subject who shows a tend- 
ency to prefer the left hand is being 
taught at home to use the right. No 
speech defect has resulted. 

In regard to the question, ““Does the 
stability of hand preference show any 
relationship to the development of 
speech in the case of a twelve months 
old child?” the observations indicated 
that as the subject, M. H. became 
more definitely right-handed, as shown 
by her use of the fork and spoon at the 
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table, she began to develop a vocabu- 
lary. M. H. seems to use her left 
hand as well as her right, but she 
prefers her right for eating, whereas 
in wcerking with the pegboard and 
fitting toys together, she generally 
prefers the left hand. The period in 
which the use of the hands was de- 
veloping was also one of rapid develop- 
ment of speech. 
KATHERINE GORDON. 
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Speech and Music Development of a One Year Old Child 


LITTLE girl, M. H., was brought 

to the Vassar College Nursery 
School at the age of twelve months. 
At the school she came into daily 
contact with twenty-five other chil- 
dren. The youngest of these children 
was nearly a year older than she. 


PROBLEM 


In order to determine if possible 
whether there was any relationship 
between the rate and order of acquisi- 
tion of speech and musical develop- 
ment, this child was observed and a 
careful running record kept of her 
responses. 


PROCEDURE 


Observations for this study were 
made from October, 1929 to May 15, 
1930, that is between the age of 
thirteen and twenty months. M. H. 
was observed on an average of two or 
three times a week, usually in the 
afternoon, for about two hours at a 


time. The sounds which she made 
were recorded, as well as the tone of 
these sounds. These records were 
dated. Efforts were made to en- 
courage the child to speak. Some- 
times something she wanted was 
withheld in an attempt to make her 
ask for it. Real and pictured objects 
were named over and over again in an 
effort to build up an association be- 
tween the objects and their names. 
Questions were asked and pictures were 
shown. Sometimes the observer 
talked to her continually; on other 
days the observer remained as silent 
as possible. 

Various victrola records were played 
for M. H., usually those of Kreisler, 
or some individual singer, so that 
the tune would be distinct and clear. 
Her reactions to these were observed. 
Simple tunes and melodies were sung 
for her and often repeated many times. 
Tunes which she hummed were re- 
peated by the observer after her many 
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times. The observer sometimes beat 
out or jiggled rhythms for M. H. and 
her reactions were noted. Sometimes 
the observer attempted to slap out 
rhythms with M. H.’s hands. 


SUMMARY OF RESULTS 


The speaking and musical develop- 
ment of M. H. was observed from the 
age of twelve to nineteen and a half 
months. This included the babble 
period as well as the inception and 
development of speech. During this 
time her vocabulary grew from no 
words to fifty-three. These fifty- 
three words have all been heard and 
recognized as actually intended to 
apply to the objects which they 
designate. M. H.’s comprehension of 
words is, of course, much greater. 
She understands simple commands, 
provided they deal with a compara- 
tively familiar situation. Although 
able to use her vocabulary M. H. will 
not speak before strangers or those 
who are not familiar to her; nor will 
she speak in unusual situations. 
Many people oppress and silence her; 
when playing alone she jabbers most 
of the time. Thus M. H. uses words 
to ask for and name things when she 
is with people whom she knows well, 
but for social purposes her speech is 
retarded. This retardation of speech 
for social purposes may be due to two 
things. It may indicate that she is 
shy or it may be due to the fact that 
in the school where the routine is so 
carefully planned out most wants can 
be satisfied without asking for them. 

Many words, such as dolly and fish, 
were first spoken after the observer 
had named them for her repeatedly. 
Other words, such as cracker, rubber, 
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and block, were not repeated for M. H. 
consciously by the observer. How- 
ever, she probably heard these words 
many times in general conversation 
during the year at the school. 

Forty-four of the fifty-three words 
are nouns; Three interjections; two 
pronouns; two prepositions; one verb; 
and one adjective. This is to be 
expected since a vocabulary to be use- 
ful must include the names of articles 
desired. The two prepositions are 
often used as verbs. 

Musically, the sounds M. H. made 
did not, at first, vary much in pitch, 
nor did they have much variety of tone. 
For the most part they ranged over 
the eight notes of the octave from 
middle C up. 

M. H. showed a favorable and 
appreciative attitude toward music 
and rhythm of different sorts. Her 
spontaneous singing is quite melodious 
but not usually very rhythmic. She 
is not tone-deaf and seems to have a 
fair ear for music, although it is still 
much too early to judge definitely. 


CONCLUSIONS 


In any study such as this there are 
two important considerations. First, 
the acquisition of words themselves; 
second, the voice quality and pitch 
with which these words are uttered and 
the use made by the child of variations 
in pitch and quality. 

M. H.’s speech and music develop- 
ment seem to be progressing normally. 
Her speech is comparatively clear, 
except for the fact that the final conso- 
nants are usually omitted. The “k” 
sound is seldom made, and “‘t”’ is often 
omitted when it occurs in the middle 
of a word. All the vowel sounds are 
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present. Her acquisition of vocabu- 
lary, while late in starting, now seems 
to be progressing rapidly. Her great 
interest in everything about her is an 
added incentive to further speech 
development. 

Not very much can be stated defi- 
nitely at this time concerning the 
musical development of M. H. This 
is due partly to her age. It can only 
be said cautiously that she appears to 
enjoy music and to be able to produce 
musical sounds. 

Due to the nature of her vocabulary, 
M. H.’s speech is, as yet, almost en- 
tirely staccato, and therefore little 
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comparison can be made between her 
speech and rhythm. The individual 
words are tonal and pure. 

Very little can be said, even tenta- 
tively, concerning the musical develop- 
ment of a child as young as M.H. It 
is possible that musical ability does 
not even develop until the pharyngeal 
opening of the Eustachian tube of the 
ear has risen from below the hard 
palate to above it. Whatever the 
case may be, one can devise only a 
few satisfactory experiments to test 
musical development in a child under 
two years of age. 

MarGaRET FitcHen. 


A Study of the Sleeping Habits of Twenty-nine Chil- 
dren of Pre-School Age 


STUDY was made of the day- 

time sleeping habits of children 
who had been members of Vassar 
College nursery school for a sufficient 
length of time to have become habitu- 
ated to the daily routine. The time 
covered was the first semester of the 
academic year, 1929-1930. 

The room in which the children slept 
was equipped with canvas cots laced 
both ways in order that the surface was 
tightly stretched; one sheet folded so 
that the child lay between the two 
parts; light weight wool blankets and 
extra cotton blankets to be used 
in cooler weather. There were low 
screens which might be used around 
the beds of children who needed for 
any reason to be isolated. 

The subjects used in this study were 
twenty-seven in number. The ages 
used were computed to October 1, 1929 
when the study was begun. The age 


range was from one year and ten 
months to four years and five months 
and the distribution as follows: 





AGE BOYS GIRLS 





Be-O0 MOB... . essa. 3 0 
31-42 mos............ 3 10 
AB=53 MOK «ssc cscsccd. oe 4 





13 14 














PURPOSE 


The study was undertaken with the 
purpose of adding, if possible, toinfor- 
mation on the following points: 

1. Average length of nap for three 
groups of children of differ- 
ent age levels. 

2. Average time taken in going to 
sleep. 

3. Percentage of days present, naps 
were taken. 

4. Percentage of children present 
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who took naps on each day 
of the week. 

. Average length of nap for each 
day of the week. 

. Sex differences if any, in length 
of nap and time taken to go 
to sleep. 

. Sleeping positions 
quently taken. 

. Possible relationships between: 

a. Time taken in going to sleep 
and length of nap. 

b. Average length of nap and 
the possible number of 
naps (i.e. days present). 

c. Average length of nap and 
number of days present. 

d. Average length of nap and 
number of days on 
which the subjects were 
awakened by _ the 
teacher. 

e. The time taken to go to 
sleep and the number 
of days the subjects 
were awakened by the 
teacher. 

f. Temperature of © sleeping 
room and ; length § of 
nap. 


most fre- 


PROCEDURE 


The observer kept records during the 
afternoon nap for each child, as 
follows: 

. Time in bed. 

. Time asleep. 

. Time awake. 

. Unusual occurrences such as 
elimination or defecation, 
coughing, masturbation. 

. Temperature of the sleeping 
room. 

. Weather conditions. 
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In addition to these records the obser- 
ver kept running notes on posture, 
change of posture, mouth open or 
closed, heavy or light breathing and 
any significant occurrences. 


RESULTS 


1. Average length of nap. The 
average length of nap for the age 
groups was: 


2. Average length of time taken in 
going to sleep for the age groups was: 


MER OOR cin 5 co vc v ex reece anes 38 


3. Percentage of days present, naps 
were taken: 


NO. osc wk oes ok dee eee 83 


4. Percentage of children present 
who took naps on each day of the week. 





MONDAY | TUESDAY | WEDNES- 


DAY 


THURS- 
DAY 


FRIDAY 





per cent | per cent | per cent | per cent | per cent 


80 75 80 80 84 





5. Average length of nap for each 
day of the week: 





MONDAY | TUESDAY | WEDNES- 


DAY 


THURS- 
DAY 








74 75 75 75 73 











6. Sex differences were as follows: 
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AGE GROUP 


AVERAGE LENGTH 


AVERAGE TIME 
GO TO SLEEP 


TO| PER CENT DAYS 
PRESENT WHEN 


NAP WAS TAKEN 


OF NAP 





Boys Girls Boys | Girls Boys | Girls 








minutes 
74 


80 
77 


minutes 


70 
69 


38 
39 





38 
33 
43 


83 
80 
87 


72 








7. Sleeping positions during nap. 
There were 244 records of posture 
during sleep made. 107, or 44 per 
cent of the total of these, recorded the 
child as lying on his right side; 77, or 
31 per cent were on the left side; 38, 
or 16 per cent were on the stomach and 
22, or 9 per cent were on the back. 
203 records were made of mouth open 


or closed. There were 149 or 73 per 
cent mouth open and 54 or 27 per cent 
mouth closed. 

The correlation of length of nap 
with time of going to sleep and with 
temperature of room showed no signifi- 
cant relation. Age and sex differences 
were not marked. 

Eruet Scorr. 
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